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Abraham Flexner—Medical missionary extraordinary 


Abraham Flexner was not a physician, 
yet he did more than any other man to ele- 
vate the standards of the practice of medi- 
cine as well as the standards of medical 
education in this country. Through his ef- 
forts the American-trained physician sur- 
passed the German-trained physician, be- 
hind whom he had previously trailed. The 
details of how one nonmedical man started 
and carried off a revolution in an old and 
tradition-bound profession are to be found 
in his revision of his autobiography, I Re- 
member, published posthumously. * 

Dr. Flexner (his title was honorary and 
he did not use it himself) once told his 
wife, “I want to influence in some measure 
the life of my time insofar as that can be 
done through education.” He accomplished 
his purpose in a unique way. He decided 
not to become a college professor but in- 
stead devoted himself to getting the very 
rich to provide money for institutions of 
higher learning. Abraham Flexner obtained 
$600,000,000 for the development of medi- 
cine in America. 

His great impact on American life came 
as the result of his firm conviction that true 
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scholarship was an unbeatable force—and 
he distinguished fiercely between scholar- 
ship and pretension. He also felt that all 
learning was profitable'and that those who 
had the ability and the desire for it should 
be provided with the proper atmosphere as 
well as with facilities adequate to their 
needs. He believed that learning in itself 
could accomplish great things. And, if he 
seemed to be a visionary, he was also a 
prodigy, since he had both the boldness 
and the unusual abilities necessary to bring 
his visions to reality. 

Practical he certainly was. Abraham 
Flexner had helped get together a large 
fund to build the present Cornell Univer- 
sity Medical College of New York Hospital 
Medical Center where, he had hoped, the 
only serious problems would be academic 
ones. One day in 1931 we drove by the 
nearly completed buildings. Dr. Flexner 
waved at the magnificent structure which 
was going up—far higher than he thought 
practical—and he said, “How will they ever 
keep the windows clean?” This is still a 
problem. 

His zealous insistence that the academic 
fact is also the important fact and that it is 
therefore worth while to seek out basic 
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truths in all fields of learning was wonder- 
fully expressed by him in 1938 at the open- 
ing ceremonies of an impressive laboratory 
for a pharmaceutical manufacturer. I have 
often wondered how the business execu- 
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tives of that company reacted when they 
found that he would address them, of all 
things, on “The Usefulness of Useless 
Knowledge.” His address follows. 


Walter Modell, M.D. 


The usefulness of useless knowledge 


Abraham Flexner 


It is a strange contradiction that in the 
midst of a world torn by irrational hatreds 
that threaten civilization itself we are this 
afternoon dedicating this Institute and the 
services of devoted young men and women 
to the extension of knowledge, to the cure 
of disease, and to the amelioration of suffer- 
ing. Life has never been logical—neither 
the life of nations nor the life of individ- 
uals. It is perhaps fortunate that illogicality 
can do something to rationalize and beau- 
tify human existence. 

I shall speak to you for a few moments 
on a few aspects of irrationalism, for surely 
it is an irrational fact that it so often hap- 
pens that the ceaseless quest for the use- 
less should—sometimes soon and sometimes 
later—result in conferring some great prac- 
tical boon upon harassed and floundering 
mankind. It is said with tiresome iteration 
that ours is a materialistic age and that its 
main concern should be the wider distribu- 
tion of material goods and worldly oppor- 
tunities. Let us accept this point of view. 
To whom shall we go for this nearer ap- 
proach to the millennium? Not assuredly 
to those who are primarily engaged in the 
manufacture of goods or in the creation of 
concrete opportunities. The men and 
women who are today making the largest 
contribution to human happiness and 
human health are the quiet workers in lab- 
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oratories and libraries and who in the pur- 
suit of a devoted career do not pause to 
ask themselves, “What is the use?” 

I recall a conversation which I had some 
years ago with Mr. George Eastman on the 
subject of use. Mr. Eastman, a wise and 
gentle, far-seeing man, gifted with ex- 
quisite taste in music and art, had been 
saying to me that he meant to devote his 
vast fortune to the promotion of education 
in useful subjects. I ventured to ask him 
whom he regarded as the most useful 
worker in science in the world. He replied 
instantaneously, “Marconi.” 

I surprised him by saying, “Whatever 
pleasure we derive from the radio or how- 
ever wireless and the radio may have added 
to human life, Marconi’s share was prac- 
tically negligible.” 

I shall not forget his astonishment on this 
occasion. He asked me to explain. I replied 
to him, “Mr. Eastman, Marconi was inevit- 
able. The real credit for everything that has 
been done in the field of wireless belongs, 
as far as such fundamental credit can be 
definitely assigned to anyone, to Professor 
Clerk Maxwell, who in 1865 carried out 
certain abstruse and remote calculations in 
the field of magnetism and electricity. Max- 
well reproduced his abstract equations in a 
treatise published in 1873. Other discov- 
eries supplemented Maxwell’s_ theoretic 
work during the next 15 years. Finally in 
1887 and 1888 the scientific problem still 
remaining—the detection and demonstra- 
tion of the electromagnetic waves which 
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are the carriers of wireless signals—was 
solved by Heinrich Hertz, a worker in 
Helmholtz’s laboratory in Berlin. Neither 
Maxwell nor Hertz had any concern about 
the utility of their work; no such thought 
ever entered their minds. They had no prac- 
tical objective. The inventor in the legal 
sense was of course Marconi, but what did 
Marconi invent? Merely the last tech- 
nical detail, the now obsolete receiving 
device called a coherer, almost universally 
discarded.” 

Hertz and Maxwell invented nothing, but 
it was their apparently useless theoretic 
work which was seized upon by a clever 
technican and which has created new 
means of communication, utility, and 
amusement by which men whose merits are 
relatively slight have obtained fame and 
earned millions. Who were the fundamen- 
tally useful men? Not Marconi, but Clerk 
Maxwell and Heinrich Hertz. Hertz and 
Maxwell were geniuses without thought of 
use. Marconi was a clever inventor with no 
thought but use. 

The mention of Hertz’s name recalled to 
Mr. Eastman the Hertzian waves, and I 
suggested that he might ask the physicists 
of the University of Rochester precisely 
what Hertz and Maxwell had done; but 
one thing I said he could be sure of, 
namely, that they had done their work 
without thought of use and that through- 
out the whole history of science most of the 
really great discoveries which had _ ulti- 
mately proved to be beneficial to mankind 
had been made by men and women who 
were driven, not by the desire to be useful, 
but merely by the desire to satisfy their 
curiosity. 

“Curiosity?” asked Mr. Eastman. 

“Yes,” I replied, “curiosity; which may 
or may not eventuate in something useful 
is probably the outstanding characteristic 
of modern thinking. It is not new. It goes 
back to Galileo, Bacon, Sir Isaac Newton, 
and to the Greeks, and it must be absolutely 
unhampered. Institutions of learning and 
institutions of research should be devoted 
to the cultivation of curiosity and the less 
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they are deflected by considerations of im- 
mediacy of application, the more likely 
they are not only to contribute to human 
welfare, but to the equally important satis- 
faction of intellectual interest which may 
indeed be said to have become the ruling 
passion of intellectual life in modern 
times.” 

What is true of Heinrich Hertz working 
quietly and unnoticed in a corner of Helm- 
holtz’s laboratory in the later years of the 
nineteenth century may be said of scien- 
tists the world over for several centuries 
past. We live in a world that would be 
helpless without electricity. Called upon to 
mention a discovery or invention of the 
most immediate and far-reaching practical 
use, we might well agree upon electricity. 
But who made the fundamental discoveries 
out of which the entire electrical develop- 
ment of more than 100 years has come? 

The answer is interesting. Michael Fara- 
day’s father was a blacksmith; Michael 
himself was apprenticed to a bookbinder. 
In 1812, when he was already 21 years of 
age, a friend took him to the Royal Institu- 
tion where he heard Sir Humphrey Davy 
deliver four lectures on chemical subjects. 
He kept notes and sent a copy of them to 
Davy. The very next year, 1813, he be- 
came an assistant in Davy’s laboratory, 
working on chemical problems. Two years 
later he accompanied Davy on a trip to the 
continent. In 1825, when he was 34 years 
of age, he became Director of the Lab- 
oratory of the Royal Institution, where he 
spent 54 years of his life. 

Faraday’s interest soon shifted from 
chemistry to electricity and magnetism, to 
which he devoted the rest of his active life. 
Important but puzzling work in this field 
had been previously accomplished by Oer- 
sted, Ampére, and Wollaston. Faraday 
cleared away the difficulties which they 
had left unsolved and by 1841 had suc- 
ceeded in the induction of the electric cur- 
rent. Four years later, a second, equally 
brilliant, epoch in his career opened when 
he discovered the effect of magnetism on 
polarized light. His earlier discoveries have 
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led to the infinite number of practical ap- 
plications by means of which electricity 
has lightened the burdens and increased 
the opportunities and resources of modern 
life. 

His later discoveries have thus far been 
less prolific of practical results. What dif- 
ference did this make to Faraday? Not the 
least. At no period of his extraordinary ca- 
reer was he interested in utility. He was 
absorbed in disentangling the riddles of the 
universe—at first, chemical riddles; in later 
periods, physical riddles. As far as he cared, 
the question of utility was never raised. 
Any suspicion of utility would have re- 
stricted his restless curiosity. In the end, 
utility resulted, but it was never a criterion 
to which his ceaseless experimentation 
could be subjected. 

Let us look in another direction. In the 
domain of medicine and public health, the 
science of bacteriology has played for half 
a century the leading role. What is its 
story? After the Franco-Prussian War of 
1870, the German Government founded a 
great university at Strassburg. Its first pro- 
fessor of anatomy was Wilhelm von Wal- 
deyer, subsequently professor of anatomy 
in Berlin. In his Reminiscences, Waldeyer 
relates that among the students who went 
with him to Strassburg during his first se- 
mester, there was a small, inconspicuous, 
self-contained youngster of 17, by name of 
Paul Ehrlich. The usual course consisted of 
dissection and microscopic examination of 
tissues. Ehrlich paid little or no at- 
tention to dissection, but, as Waldeyer 
remarks in his Reminiscences: 

“I noticed quite early that Ehrlich would 
work long hours at his desk, completely ab- 
sorbed in microscopic observation. More- 
over, his desk gradually became covered 
with colored spots of every description. As 
I saw him sitting at work one day, I went 
up to him and asked what he was doing 
with all his rainbow array of colors on his 
table. Thereupon this young student, in his 
first semester, supposedly pursuing the 
regular course in anatomy, looked up at 
me and blandly remarked, ‘Ich probiere.’ 
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This might be freely translated, ‘I am try- 
ing’ or ‘I am just fooling.’ I replied to him, 
‘Very well. Go on with your fooling.’ Soon 
I saw that without any teaching or direc- 
tion whatsoever on my part I possessed in 
Ehrlich a student of unusual quality.” 

Waldeyer wisely left him alone. Ehrlich 
made his way precariously through the 
medical curriculum and ultimately pro- 
cured his degree mainly because it was ob- 
vious to his teachers that he had no inten- 
tion of ever putting his medical degree to 
practical use. He went subsequently to 
Breslau, where he worked under Professor 
Cohnheim, the teacher of our own Dr. 
Welch, founder and maker of the Johns 
Hopkins Medical School. I do not suppose 
that the idea of use ever crossed Ehrlich’s 
mind. He was interested. He was curious. 
He kept on “fooling.” Of course his “fool- 
ing” was guided by a deep instinct—but it 
was a purely scientific, not a utilitarian mo- 
tivation. What resulted? Koch and his asso- 
ciates established a new science—the sci- 
ence of bacteriology. Ehrlich’s experiments 
were now applied by a fellow student, Wei- 
gert, to staining bacteria and thereby as- 
sisting in their differentiation. Ehrlich him- 
self developed the staining of the blood 
film with the dyes on which our modern 
knowledge of the morphology of the blood 
corpuscles, red and white, is based. Not a 
day passes but that in thousands of hos- 
pitals the world over Ehrlich’s technique 
is employed in the examination of the 
blood. Thus the apparently aimless fooling 
in Waldeyer’s dissecting room in Strass- 
burg has become—without anyone’s sus- 
pecting the result—a main factor in the 
daily practice of medicine. 

I am not for a moment suggesting that 
everything that goes on in laboratories will 
ultimately turn to some unexpected prac- 
tical use or that an ultimate practical use 
is its actual justification. Much more am I 
pleading for the abolition of the word “use” 
and for the freeing of the human spirit. To 
be sure, we will thus free some harmless 
cranks. To be sure, we will thus waste 
some precious dollars, but what is infinitely 
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more important is the fact that we will be 
striking the shackles off the human mind 
and setting it free for the adventures which 
in our own day have taken Hale and 
Rutherford and Einstein and their peers 
millions upon millions of miles into the ut- 
termost realms of space and loosed the 
boundless energy imprisoned in the atom. 
What Rutherford and others like Bohr and 
Millikan have done out of sheer curiosity 
in the effort to understand the construction 
of the atom has released forces which may 
transform human life, but this ultimate and 
unforeseen and unpredictable practical re- 
sult is not offered as a plea in justification 
of their careers. Let them alone. No educa- 
tional administrator can possibly direct the 
channels in which these or other gifted men 
shall work. The waste, I admit again, looks 
prodigious. It is not really so. All the waste 
that could be summed up in developing the 
science of bacteriology is as nothing com- 
pared to the advantages which have ac- 
crued from the discoveries of Pasteur, 
Koch, Ehrlich, Theobald Smith, and scores 
of others—advantages that could never 
have accrued if the idea of possible use had 
governed their minds. These: great artists— 
scientists and bacteriologists—disseminated 
the spirit which prevailed in laboratories in 
which for all they and others knew they 
were simply following the line of their own 
natural curiosity. 

In this connection and in the atmosphere 
which envelopes the world today, it is per- 
haps timely to emphasize the fact that the 
part played by science in making war more 
destructive and more horrible was an un- 
conscious and unintended by-product of 
scientific activity. Lord Rayleigh, president 
of the British Association for the Advance- 
ment of Science, in a recent address pointed 
out concretely how the folly and stupidity 
of man, not the intention of the scientist, is 
responsible for the destructive use of the 
agents employed in modern warfare. The 
innocent study of the chemistry of carbon 
compounds, which has led to infinite bene- 
ficial results, incidentally showed that the 
action of ‘nitric acid on substances like ben- 
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zene, glycerine, cellulose, etc., resulted not 
only in the beneficent aniline dye industry 
but in the creation of nitroglycerin, which 
has uses good and bad. Somewhat later Al- 
fred Nobel, turning to the same subject, 
showed that by mixing nitroglycerin with 
other substances, solid explosives which 
could be safely handled could be pro- 
duced—among others, dynamite. It is to 
dynamite that we owe our progress in min- 
ing, in the making of such railroad tunnels 
as those which now pierce the Alps and 
other mountain ranges; but of course dyna- 
mite has been abused by politicians and 
soldiers. 

Scientists are, however, no more to blame 
than they are to blame for an earthquake 
or a flood. The same thing can be said of 
poison gas. Pliny was killed by breathing 
sulfur dioxide in the eruption of Vesuvius 
almost 2,000 years ago. Chlorine was not 
isolated by scientists for warlike purposes, 
and the same is true of mustard gas and 
dynamite. These substances could be lim- 
ited to beneficent use, but when the air- 
plane was perfected, men whose hearts 
were poisoned and whose brains were 
addled perceived that the airplane, an inno- 
cent invention, the result of long, disin- 
terested, and scientific effort, could be made 
an instrument of destruction, of which no 
one had ever dreamed and at which no one 
had ever deliberately aimed. 

What then must be the spirit and policy 
determining the course of the new Squibb 
Institute? The answer is easy: the fearless 
and unhampered search for truth, the un- 
limited cultivation of the natural curiosity 
of human beings within the field of science. 
It is almost certain that efforts aiming at 
the immediately practical will fail unless 
they are based upon a long succession of 
experiments and endeavors that have no 
such practical use in mind. 

Unquestionably, disinterested scientists 
have accumulated knowledge which can 
and should be brought together for the pur- 
pose of relieving suffering, as. happened, 
for example, in the case of insulin. 

The history of science for 2,000 years 
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proves conclusively that no one can fore- 
tell or predict or plan the outcome of the 
untrammeled roving of the human spirit, 
searching for truth and truth alone. 
Whether these practical results shall be 
good or ill is no concern of those who have 
founded this Institute. That is something 
that depends upon civilization. Civilized 
men will resolutely refuse the ill and em- 
brace the good, and, unless the world can 
be governed by the ideals of civilization, 
nothing can save it from ultimate destruc- 
tion. If the destination of these resources 


Clinical Pharmacology 
and Therapeutics 


is to be determined by the spirit and ideals 
of the men who are enlisted in it, we can 
look forward to a world in which peace 
and beauty and health and all the other 
good things of the human spirit may de- 
termine the conduct and the character of 
our lives. 

Let us therefore continue our quest for 
the useless as well as the useful, confident 
that in the long run both will inure to the 
benefit of humanity, as they have already 
done in the instances which I have given 
earlier in this address. 





Commentary 


The impact of a changing concept in science: 


basic versus applied 


Gerhard Werner, M.D. New York, N. Y. 


Cornell University Medical College 


There can be no doubt that an estrange- 
ment is separating the pursuer of basic 
knowledge and the man of more “practi- 
cal” inclination. This alienation is no better 
and no worse in the medical sciences than 
in any other field that grew out of undi- 
rected intellectual pursuit and curiosity, 
and developed into the powerful tools that 
govern our lives. 

It appears rewarding to trace and single 
out some of the historical elements which 
constitute this development, of concern to 
partisans of either side of the fence, and 
to examine their validity in view of the 
modern concept of science. To carry out this 
analysis with success requires clarification 
of the usage of the term “basic” and “ap- 
plied” science. Dewey’s conception of prac- 
tical judgments as predictive and dealing 
with the incomplete situation, appears emi- 
nently useful for this purpose. Accordingly, 
judgments of practice are propositions 
about situations temporarily unfinished, 
and completed only by the execution of the 
judgment. The proposition, therefore, is a 
determining factor in the outcome, and the 
practical judgment transforms the subject 
matter into a state different from its ante- 
cedent: a statement like “this is the condi- 
tion and time to administer drug X,” is an 
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example in case. Statements in “basic” 
science, on the other hand, appear to fall 
into a different category: they are descrip- 
tive in the broadest sense of the word. Al- 
though the meaning “descriptive” in science 
has greatly changed since the sixteenth 
century, it may, at this stage, serve the 
purpose to designate such propositions 
which supposedly yield a quasi-image of 
the subject matter rather than inflict any 
alteration on it. 

The great impact of pragmatism as a 
philosophic doctrine, and of instrumental- 
ism as its logical version, on contemporary 
thinking may not have been without influ- 
ence on growth and accentuation of contra- 
distinction between practical and descrip- 
tive judgments, and accordingly between 
“applied” and “basic” science. If this were 
so, it would be tragic to note in retrospect 
that such consequences were the outcome 
of a fundamental misinterpretation of prag- 
matism by superficial followers. Dewey re- 
peatedly affirmed that the term “pragmatic” 
means only the rule of using the conse- 
quences of all propositions as the yardstick 
of their meaning, but the nature of the 
consequence was in no way to be speci- 
fied; they may be moral, intellectual—or 
practical. 

Ever since the rise of modern science 
as an intellectual passion, the concept of 
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what “description” in science means, and 
how it is arrived at, has been undergoing 
changes. But elder views did not always 
die a timely death, and many such differ- 
ent notions linger still with us today even 
though their verdict was spoken centuries 
ago. It is, therefore, no wonder that dis- 
cussions on “basic” and “applied” science 
are often frustrated by ambiguities of terms. 

Francis Bacon’s prescription of revealing 
the plan of nature by dispassionately sort- 
ing and collecting data that emerged from 
a fact-finding machinery on grand scale 
was never really put into effect. Harvey, 
shortly thereafter, demonstrated with emi- 
nent success that inspired imagination can 
organize into a coherent and meaningful 
structure a much smaller set of observa- 
tions than Bacon’s prescription assumed 
necessary. Nevertheless, the idea of the 
“catalog of nature” as the goal of scientific 
inquiry was carried to its logical extreme 
in the Laplacian idea of a ‘strictly objec- 
tive and complete knowledge of the uni- 
verse. In this form, the idea survived of- 
ficially until the turn of the century. The 
underground existence of this concept, how- 
ever, still threatens the clarity of our 
thought. It was only with the investigation 
into the nature of inductive reasoning in 
the eighteenth and nineteenth centuries 
that Bacon’s delusion began to be recog- 
nized for what it is. Thereby, the provi- 
sional nature of explanatory hypothesis was 
clearly conceived and it was realized that 
the process of hypothesis formation con- 
stitutes an active act of invention on the 
part of the investigator, to be checked 
against all evidence, past and future, and 
consequently never final and irrevocable. 

Most significant in this development was 
the recognition that scientific hypotheses 
go beyond the observational protocols by 
virtue of invention of inferred entities. 
These permit expression of the relation be- 
tween antecedent and consequent of a 
chain of events in the form of causal state- 
ments. Thereby, scientific statements as- 
sume the combined role of statements 
descriptive for the past, and predictive for 
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the future. Indeed, the value of any ex- 
planatory hypothesis, no matter how 
“basic,” is measured in terms of the experi- 
mental tests that can be conceived to ver- 
ify or falsify it, as the case may be. Thus, 
“descriptive” and “practical” judgments 
cannot, in this conception of science, be 
separated from each other and there exists 
only one kind of scientific statement whose 
rightness or wrongness is measured by 
its value in placing past experiences in 
contexts with logical structure, and in gen- 
erating future experiences. 

Obviously, much of the discussion of 
“basic” versus “applied” science stems from 
a conception of science outdated for sev- 
eral decennia. To this side of the balance 
sheet which proclaims “basic” and “applied” 
science as a fundamental unit must be 
added the belief, never doubted to be 
common to basic and applied science, that 
the universe is accessible to rational in- 
telligibility and to measurement in some 
form or other. 

Do we, then, remain with any essential 
differences between “basic” and “applied” 
sciences, or does not the whole argument 
lose its meaning at this point? M. Polanyi 
pointed out that knowing as an art requires 
the knower’s personal participation in ways 
which cannot usually be conceptualized or 
verbalized: it is the dimension of skill 
which, in the form of not consciously known 
rules of connoisseurship, significantly en- 
ters into the act of knowing and doing. If 
any distinction is to be made between le- 
gitimate approaches in science, it should, 
in my mind, be relegated to this dimension 
as an expression of personalities and ac- 
quired habits; a distinction that manifests 
science as an enterprise of individuals 
rather than of classes of people; a distinc- 
tion that reveals science as the sum total 
of mutually complementary activities of 
persons, each one unique in itself. There 
does not, therefore, appear to be any rea- 
son, factual or logical, to question the 
fundamental unity of science, “basic” or 
“applied,” as a totality of an intellectual 
enterprise. 
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Nevertheless, the inappropriate schism 
of science in “basic” and “applied” remains 
presently with us. It, therefore, becomes 
pertinent to inquire to which factors its 
perpetuation may be attributed. There are, 
in general, administrative advantages _at- 
tached to categorization, and this may be 
contributory to the emphasis placed on the 
much-talked-about compartmentalization in 
science. Whatever the convenience of 
such classification may be, the very fact 
that two different words are used (i.e., 
“basic” and “applied”), opens the door to 
the fallacy of taking for granted two corre- 
sponding existents where there is only one. 

Another consideration of deeper implica- 
tion may be traced to the fact that, out of 
achievements in science, techniques emerge 
which, by virtue of their sophistication, 
may be mistaken for science proper. The 
problem appears to be in the lack of any 
easily recognizable criterion, inherent to 
technology or science, which would allow 
for their distinction. This distinction is to 
be found only, I believe, in the attitude of 
the performer. The scientific frame of mind 
is a search for meaning, an attempt to 
place the seemingly heterogeneous into 
context and logical structure, the constant 
checking of these contexts against newly 
generated evidence, and the preparedness 
to search for new concepts when the old 
ones fail to satisfy. These are the distinctive 
attributes of scientific activity which de- 
lineate it from performance and cultivation 
of technical skills, although the latter may 
have resulted from the former. It does not, 
however, appear correct to think that all 
techniques (or technology as a whole) are 
a direct outgrowth of science: it is often 
said that the industrial revolution was 
achieved without in any essential way 
drawing on the scientific achievements of 
the time. Similarly, herbs had been used 
for the treatment of the sick long before 
‘the science of medicine had been con- 
ceived. Thus, technology has roots of its 
own. 
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The distinction between science and 
technology does not imply that the latter is 
not also subject to dynamic and progres- 
sive change. Yet the technician remains dis- 
sociated from passion, commitment, and 
aims other than performance of his craft. 
It is the job to be done that constitutes the 
center of a professional ethics and imparts 
to the technician the role of a neutrally 
detached executive organ. Opposed to this 
is the scientist’s faith in intellectual ele- 
gance, and his restlessness of mind con- 
stantly challenging whatever cognitive sat- 
isfaction it may have achieved before. 

Obviously, there is no overt sign that de- 
lineates the execution of technical skills 
from performance of scientific activity; the 
distinction is placed in the subtle realm of 
frames of mind, and therefore easily mis- 
taken and confused. It is in this area that 
a boundary has to be drawn: a boundary 
between science and technology, rather 
than one between a “basic” and “applied” 
science. 

The need to keep these considerations 
clearly in mind appears most pressing, and 
the danger of confusion largest, in such 
branches of science as, by virtue of the 
demands put on them by society, are lia- 
ble to acquire a certain amount of the 
technicians’ standards of action. There is 
no denial that a “job well done” is a highly 
commendable accomplishment, but let us 
not overlook that an attitude centered 
around this maxim is likely to impoverish 
the performer’s potential of growing be- 
yond himself, to frustrate his desire for in- 
tellectual satisfaction, and to convert into 
routine and fetishism what once was inno- 
vation and achievement. The commitment 
to society does not only rest on “jobs well 
done”; nor does the individual's potential 
end with them. Thus, we may be well ad- 
vised to cultivate the awareness that the 
scientific attitude combines knowing with 
acting in an inseparable entity and thereby 
constitutes fulfillment, essence and _ pillar 
of our civilization. 








Symposium on the experimental pharmacology 


and clinical use of antimetabolites 


Introduction 


Edward A. Carr, Jr., M.D., Editor Ann Arbor, Mich. 


Departments of Pharmacology and Internal Medicine, University of Michigan School of Medicine 


Next to the referee at a Latin American 
sports event, a prophet has the most haz- 
ardous occupation on earth: Our prediction 
that the experiments of many excellent in- 
vestigators in the field of antimetabolites 
will probably soon yield several important 
practical advances may, of course, be mis- 
taken. Thus, in spite of the encouragement 
furnished by the first successes in chemo- 
therapy at the turn of the century, there 
was a lag of decades before the “period of 
logarithmic growth” began in the late 
1930's. We nevertheless offer the sympo- 
sium beginning in this issue as evidence of 
our belief that a similar period of rapid 
clinical development in the field of anti- 
metabolites may be at hand. 

The present symposium will attempt to 
give the reader a reasonably broad sample 
of the basic experimental work now in 
progress in several laboratories. In addition 
to its intrinsic merit, this basic work is re- 
viewed for two reasons. First, its breadth 
is one of the principal reasons for our be- 
lief that antimetabolites may, in the near 
future, become very important in many 
aspects of therapeutics. Second, an ac- 
quaintance with this work is important to 
the practicing physician. The latter is 
usually aware that he can use with con- 
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fidence many of the drugs discussed during 
his period in medical school but often feels 
that the clinical use of many drugs that 
have become available since the comple- 
tion of his medical training still raises ques- 
tions of indication, expected side effects, 
etc., in his own practice. The physician 
may not be fully aware, however, that 
much of his confidence in the use ‘of the 
older agents comes from the fact that he 
first received instruction in the funda- 
mental pharmacology of these drugs. Years 
of practical clinical experience, when 
added to this basic background, have now 
given him the confident ability to use these 
older agents properly. But if the physician 
now believes that the simple accumulation 
of several years of experience with the 
newer drugs will subsequently give him 
full confidence in their use, he is mistaken. 
He must learn the fundamental pharma- 
cology of the newer agents in order to use 
them properly, just as he learned the fun- 
damental pharmacology of the older agents 
during his formal medical training. 

The symposium also contains examples 
of the present clinical application of cer- 
tain antimetabolites. Again, in addition to 
the intrinsic interest of this material, it is 
included here for two reasons. First, the 
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fact that certain clinical applications are 
already effective is clear evidence that the 
expectation of further applications is some- 
thing more than just a pious hope. Second, 
the physician who studies the details of 
transition from laboratory to clinic in those 
instances in which the transition has al- 
ready taken place will be in a better posi- 
tion to make an “educated guess” regard- 
ing the most likely future clinical applica- 
tions of that basic work which has not 
already had such clinical fruition. 

In this introduction we will not review in 
detail the erratic methods that have in the 
past led to the discovery of useful drugs. 
The present quiet revolution in pharma- 
cology is attempting to substitute a more 
logical method of development of new 
drugs. Those who work with antimetabo- 
lites take as their starting point substances 
that occur naturally in the body of the 
patient (or in his neoplasm or his parasite) 
and play a significant role in metabolism. 
Modifications of these substances are then 
shaped by the synthetic chemist and tested 
in the laboratory. This method may super- 
ficially resemble the ordinary screening 
procedure used in the development of most 
drugs today but the development of anti- 
metabolites has as its starting point some 
important metabolite (to be antagonized) 
rather than some extraneous substance that 
has accidentally been discovered to be 
useful (and is to be imitated). This phi- 
losophy is discussed in more detail and with 
more authority in Dr. Woolley’s contribu- 
tion to this symposium. 

The symposium, though beginning in the 
present issue, will be continued in sub- 
sequent issues. Even though we believe 
the subject important enough to occupy 
a total space roughly equivalent to a 
whole issue, we have avoided concentrat- 
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ing all the papers in a single number. 
Although we are admittedly prejudiced, 
we feel that each of our contributors 
has written a paper that merits careful 
reading and subsequent thought. We 
hope the present arrangement encourages 
this. 

Finally, we hope this symposium will 
give physicians a better appreciation of the 
important role that the careful, rational 
approach of the basic scientist plays in the 
development of clinically useful drugs. 
The use of antimetabolites is an outstand- 
ing example of the general usefulness of 
such a_ logical approach. However, we 
warn the reader against the erroneous as- 
sumption that all possible usefulness has 
already been extracted from the empirical 
approach. The new approach also has its 
fanatics. The devil’s best disciple is the 
fanatic, for the latter can ruin anything, re- 
gardless of its basic virtue. To the fanatic 
of the new approach, any discovery that is 
made empirically is positively immoral and 
should not even be discussed. We are not 
entirely joking here; one occasionally hears 
in scientific discussions comments indicat- 
ing that the speaker is so convinced of the 
glory and inevitability of the new utopia 
that he has a positive prejudice against 
even clear benefits obtained from old- 
fashioned empirical methods. We have no 
desire to carry matters to this extreme, 
even though the present symposium is a 
gauge of our faith in the ultimate useful- 
ness of the rational method. But we really 
doubt that we shall be guilty of further 
stimulating the fanatic. After all, we like 
to think that he is not even a subscriber. 


It is a pleasure to acknowledge the very help- 
ful advice given by Dr. Robert E. Parks of the 
University of Wisconsin at the time this Sympo- 
sium was organized. 





Part I. The antimetabolite revolution 


in pharmacology 


D. W. Woolley New York, N. Y. 


The Rockefeller Institute 


Nearly all useful drugs have been dis- 
covered by chance. The history of phar- 
macology is replete with examples of the 
role chance has played. In the beginning, 
and even still today, some keen observer 
notices that the ingestion of some plant 
product is beneficial to those suffering 
from a certain disease. As the art pro- 
gresses, skillful biochemical studies lead to 
the isolation in pure form of the beneficial 
substance from the plant, and _ brilliant 
chemical study leads to the establishment 
of its structural formula. Subsequently, the 
chemist is able to modify the structure of 
the natural drug, and, in collaboration with 
the pharmacologist, is frequently able to 
make a more desirable therapeutic agent. 
Always, however, the original discovery is 
dependent on chance. Usually too, chance 
plays a large role in the finding of a more 
desirable derivative of the original mem- 
ber of the series. 

With the entry of organic chemistry more 
and more into pharmacology during the 
past generation a second source of useful 
new drugs has appeared. This one also re- 
lies on chance to provide the first member 
of the series. Thus, many synthetic organic 
chemicals are tested for pharmacologic ef- 
fects and occasionally one is found which 
is useful. With chance thus providing the 
first member of the series, modifications of 


Received for publication November, 1959. 


556 


structure can be made, as in the case of 
the drugs of plant origin; and therapeutic 
agents of increased usefulness over the 
first member of the series sometimes are 
found. 

These are the classical means of discover- 
ing new drugs. They could be illustrated 
with quinine or atabrine, with atropine or 
penicillin or sulfanilamide. To show that 
these means have not gone out of fashion 
we need only recall that the two most 
widely used tranquilizing drugs, viz., 
reserpine and chlorpromazine, were intro- 
duced in this way. Reserpine is the most 
prominent alkaloid of the Indian plant 
Rauwolfia serpentina, which was first in- 
troduced into scientific medicine less than 
10 years ago. The use of R. serpentina in 
India for medical purposes, however, dates 
back many centuries, and was undoubtedly 
based on the keen observation by someone 
that the ingestion of this plant led to cer- 
tain desirable therapeutic effects. The 
tranquillity which resulted from use of this 
plant was known in India, but was not the 
reason for study of the drug in Europe and 
America. In the early 1950’s western inves- 
tigators took up the study of this Indian 
product with the thought in mind of even- 
tual use of the active ingredient in the 
treatment of hypertension. The active com- 
pounds were extracted from the plant and 
the principal one, resperine, was isolated in 
chemically pure condition. In a series of 
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brilliant studies the complicated chemical 
structure was established as that shown in 
Fig. 1.°° This was in 1954. Since then at- 
tempts have been made to improve the 
medicinal properties of reserpine by chang- 
ing the chemical structure, and although 
this result has not yet been achieved, there 
is reason to believe that eventually it will 
be. 

During experimentation with reserpine 
on human patients as well as in laboratory 
animals it was observed that it markedly 
tranquilized them. For this reason it was 
tried on persons suffering from mental dis- 
orders and was found useful. The intro- 
duction of this new drug for the tranquili- 
zation of mental patients thus followed the 
classical path. 

Chlorpromazine, another recent and 
much used tranquilizer, will serve to illus- 
trate how the classical method works with 
synthetic organic chemicals. A consider- 
able effort was being made to modify the 
chemical structure of one of the antihista- 
mine drugs, viz., promethazine (Phener- 
gan). One of the variants synthesized and 
tested was chlorpromazine, which was not 
a very good antihistamine (although it was 
that to some degree). In had other unusual 
pharmacologic effects which led to its in- 
troduction into medicine for control of 
vomiting in pregnancy and other condi- 
tions, but not for the treatment of mental 
patients. During the clinical trials with it, 
however, its tranquilizing action was noted, 
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and it was thus introduced into the treat- 
ment of mental disorders. Active programs 
are now under way to modify the structure 
of chlorpromazine in order to find a better 
drug for the treatment of these diseases. 
The dominant role played by chance dis- 
covery is plain both in the present and in 
the past. 

The ability to forego chance, and to pre- 
dict accurately the chemical structure of 
the first member of a new series of drugs 
is the principal part of a development of 
the past few years. The effects of this new 
development on thought and _ planning 
seem to be so far reaching that we may 
view them as constituting a revolution in 
pharmacology. The purpose of this paper 
is to outline a few of the beginnings and 
accomplishments of this revolution. It 
has been brought about by study of 
antimetabolites. 

It is therefore first necessary to know 
what an antimetabolite is, and to under- 
stand the mechanism by means of which 
it brings about its effects on living things. 
This understanding may seem unnecessary 
to some who may feel that it is enough to 
know the mechanics of the operations in 
order to use the new revolution profitably. 
Expressions of this belief are not infre- 
quent. However, a recent and still prevail- 
ing confusion about an important subject, 
viz., the mechanism of action of reserpine 
in bringing about tranquilization, arose pri- 
marily because the mechanism of action of 
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antimetabolites was apparently not under- 
stood by one group of investigators. Let 
us therefore begin by understanding what 
an antimetabolite is and how it works. 

An antimetabolite is a chemical com- 
pound which is closely related in chemical 
structure to one of the essential compounds 
functioning in a living organism, and 
which is able to bring about in a living 
creature the specific signs of deficiency of 
that essential compound. These essential 
compounds are the hormones, the vitamins, 
the amino acids, the purines and pyrimi- 
dines, or other substances which are spe- 
cifically required to bring about those 
chemical reactions which are together the 
basis of the metabolism and other func- 
tions of a living thing, plant or animal. 
Such essential compounds have been called 
essential metabolites, and sometimes just 
metabolites. In the absence of any one of 
them some normal function fails, as, for 
example, when carbohydrate metabolism 
breaks down from a dietary lack of thia- 
mine, or reproduction fails from a lack of 
testosterone. 

Thiamine participates in carbohydrate 
metabolism by acting as a substrate for a 
specific enzyme. This enzyme is needed to 
make cocarboxylase (thiamine pyrophos- 
phate) from thiamine. The enzyme is spe- 
cifically able to combine with thiamine in 
a reversible fashion to form an enzyme- 
substrate complex which is unstable. This 
complex decomposes to regenerate the en- 
zyme and to form the product, viz., co- 
carboxylase. The phosphate groupings 
which make up the other part of cocarboxy- 
lase come from _ adenosinetriphosphate 
which reacts with another site of the en- 
zyme in a manner similar to that involving 
thiamine. Very few other compounds will 
combine with that portion of the enzyme 
specifically shaped to bind thiamine, but 
there are some. In chemical structure these 
resemble thiamine enough that they will so 
combine. Such a compound is _pyrithia- 
mine, the structure of which is shown in 
Fig. 2. Pyrithiamine unites with the thia- 
mine-utilizing enzyme but, because the fit 
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is not perfect, the second stage of the re- 
action, the formation of a pyrithiamine- 
pyrophosphate analogous to thiaminepyro- 
phosphate does not occur. The enzyme is, 
however, bound up with pyrithiamine and 
cannot combine with thiamine. The result 
is that no cocarboxylase is formed, and the 
organism suffers from a lack of thiamine 
because the vitamin cannot be utilized. 

Pyrithiamine is a very powerful pharma- 
cologic agent which calls forth in higher 
animals”? and in many other living things** 
the characteristic signs of thiamine defi- 
ciency. These signs may be prevented by 
giving additional thiamine, or they may be 
cured once they have appeared, also by 
giving extra thiamine. Studies of the en- 
zyme which makes cocarboxylase from 
thiamine has shown that this enzyme in 
vitro is prevented from making cocarboxy- 
lase when enough pyrithiamine is present, 
and that this action can be overcome 
merely by an increase in the relative pro- 
portion of thiamine.’’ This reversibility of 
the effects of the drug by the structurally 
related metabolite results from the rever- 
sible nature of the enzyme-substrate com- 
plex and the enzyme-analogue complex. 
The relative concentrations of thiamine and 
pyrithiamine and their respective affinities 
for the enzyme decide which one of the 
two combines with a given amount of en- 
zyme, just as is true in the combination of 
oxygen and carbon monoxide with hemo- 
globin in the well-known displacement of 
oxygen (the metabolite) by the struc- 
turally related carbon monoxide. The in- 
terference of pyrithiamine with the func- 
tioning of thiamine for the synthesis of 
cocarboxylase is not the only explanation 
for the pharmacologic effects of this anti- 
metabolite. There are other metabolic 
functions of thiamine with which pyrithia- 
mine also interferes, but the action is be- 
lieved to depend on the same mechanism. 
The enzyme concerned (and consequently 
the product) is different. 

Pyrithiamine is an antimetabolite of 
thiamine because it brings about the spe- 
cific signs of a lack of thiamine. It is able 
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to do this by being so closely related to 
thiamine in chemical structure that it dis- 
places the vitamin from its specific enzyme. 
The structural analogy between the two 
substances is not enough to establish 
pyrithiamine as an antimetabolite. The 
compound needs in addition the ability to 
call forth the signs of the deficiency. Mere 
structural analogues are not necessarily 
antimetabolites of a vitamin or other 
metabolite. Similarly, any substance which 
will merely bring about signs of a defi- 
ciency of some metabolite is not auto- 
matically classed as an antimetabolite of 
it. Thus, the fact that sodium sulfite will, 
when mixed with an animal's food, bring 
about signs of thiamine deficiency, does 
not make sodium sulfite an antimetabolite 
of thiamine. Actually, the sulfite reacts 
chemically with the thiamine in the food 
prior to ingestion, and brings about de- 
struction of the vitamin. The metabolic ma- 
chinery of the animal plays no role in the 
process. The structural analogy between 
metabolite and analogue is necessary be- 
cause it gives us a clue to the mode of ac- 
tion of the drug in living things. The clue 
has been so often substantiated by detailed 
biochemical study of the relevant reactions 
that there is good reason to believe that it 
is a valid and valuable one. 

The case of pyrithiamine, which dates 
from 1943, is historically important because 
it was the first clear-cut example which 
showed the production of a deficiency dis- 
ease in higher animals with a structural 
analogue. However, there had been other 


‘beginnings earlier. The most important 


finding, and one which influenced all subse- 
quent work deeply, was that of D. D. 
Woods" in 1940, who showed that the 
antibacterial action of sulfanilamide was 
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antagonized by the structurally similar 
p-aminobenzoic acid (PAB). PAB was sub- 
sequently shown to be an essential me- 
tabolite for many bacteria and_ other 
microorganisms. There had been earlier 
demonstrations in enzymology of the an- 
tagonisms between a substrate and a struc- 
tural analogue of it, and these contributed 
to Woods’ discovery and formulation of the 
sulfanilamide-PAB relationship. In pharma- 
cology of animals there had been ideas of 
this kind put forward too, notably those of 
Clark*® in 1937 to explain the well-known 
antagonisms between acetylcholine and 
atropine, and between oxygen and carbon 
monoxide. These, however, did not exert 
the influence that Woods’ demonstration 
did, and for several reasons. Most pharma- 
cologists in those days did not think of 
acetylcholine as an essential metabolite (a 
hormone) but rather as a drug foreign to 
the animal. Hence it was not to be in a 
separate category from, let us say, atropine. 
Some still think in this fashion today, but 
their numbers are decreasing. The struc- 
tural analogy between acetylcholine and 
atropine was not as great as would be 
needed for convincing argument and, fin- 
ally, the clear picture of the mechanism of 
action was not there. 

The demonstrations with sulfanilamide 
and PAB undoubtedly commanded such 
great attention because the sulfonamide 
drugs were the wonder drugs of the early 
1940’s. Their practical usefulness made any 
attempt to explain their mechanism of ac- 
tion noteworthy. Without this popular ap- 
peal, progress would have been much 
slower. 

The mechanism of action of the anti- 
metabolites as illustrated with pyrithiamine 
has minor variations in the cases of many 
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other examples of this class. Sometimes the 
analogue fits the enzyme or other receptor 
well enough that unnatural products are 
formed from the analogue and these then 
compete with the normal product in the 
next step in the series of metabolic reac- 
tions. This has been found to take place 


I I 


HK > ~< >> CH-CH- COOH 


I I NH, 


Thyroxine 


T 
NOK CH, 0 <u, CH- COOH 
7 t 


NHCOCH3 


p-Nitro benzyl ether of N-acety1 diiodotyrosine 
Fig. 3 


with several of the antimetabolites of the 
purines and pyrimidines which go into the 
formation of nucleic acids and several co- 
enzymes. Similarly antimetabolites of amino 
acids such as thienylalanine, and fluoro- 
phenylalanine, and selenomethionine have 
been found to be incorporated instead of 
the normal amino acid into proteins of or- 
ganisms. Sometimes these abnormal, ana- 
logue-containing large molecules have been 
isolated in purified condition and tested 
for their ability to perform some of the 
normal functions of the natural relative. 
Sometimes this function has been found to 
be impaired, but in other instances the 
altered large molecule works as well as the 
normal one. One must remember that some 
of the essential metabolites of small molec- 
ular weight have several distinct functions 
in a living organism, and all of these may 
not be equally susceptible to antagonism 
by a given structural analogue. The en- 


zymes concerned in the several functions 
are different. 


Sometimes the analogue fits the enzyme 
or other receptor so well that it is able to 
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undergo all of the reactions of the normal 
metabolite. The analogue then functions as 
the metabolite, and may not bring about 
any deficiency of it in a given single re- 
action. We shall see some examples of this 
later. 

The revolution in pharmacology that the 
antimetabolites are bringing about has 
three principal aspects. These are: (a) the 
ability to predict the chemical structure 
of the first member of a new series of drugs 
and foretell the diseases in which they 
will be useful, thus reducing greatly the 
need for reliance on chance; (b) the ability 
to discover the mechanism of action of ex- 
isting drugs; (c) the ability to discover 
something about the etiology of certain 
diseases. The pharmacologic actions of 
some drugs, if they mimic the symptoms of 
some well-known but little-understood dis- 
ease, may point clearly to the etiology of 
the disease provided one knows that the 
action of the agent is that of an antime- 
tabolite of some specific metabolite. Part 
(c) is thus one of the consequences of (a) 
or (b). Leét us illustrate each of these 
points with a brief description of one or 
two examples. No attempt will be made 
to cover all of the examples or even to 
deal fully with the ones mentioned. For a 
more complete coverage the reader is re- 
ferred to the monograph “A Study of Anti- 
metabolites”4® and to a more recent 
review.”° 


The prediction of the first 
member of a series of drugs 


Let us assume that we know that a cer- 
tain disease is caused by an excess of some 
hormone. This excess may arise from the 
production of too much hormone, or from 
the failure to destroy the hormone at the 
normal rate. We may not know the cause 
of the disturbance, but may know only that 
it exists or have evidence to suggest that 
it may exist. We may be able to control 
this disease by producing an antimetabo- 
lite of the hormone. If we know the chemi- 
cal structure of the hormone we may be 
able to take advantage of the general rules 
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known for conversion of metabolites into 
antimetabolites,'* and thereby predict the 
chemical structure of a useful antimetab- 
olite for the treatment of the disease. The 
idea of so doing was first described in 1946, 
and a demonstration of its possible feasibil- 
ity was made in laboratory animals.1* Thy- 
rotoxicosis is generally held to be the re- 
sult of excess thyroxine. This excess should 
be controllable by an antimetabolite of 
thyroxine. Antimetabolites of thyroxine 
were synthesized and shown to protect tad- 
poles against the toxic action of excess 
thyroxine. The structures of the compounds 
involved are shown in Fig. 3, and the re- 
sults with the tadpoles are indicated in 
Fig. 4. 

After the isolation,® elucidation of struc- 
ture,> and proof by synthesis® of serotonin 
in 1951, the pharmacologic effects of this 
hormone in causing smooth muscle to con- 
tract, thereby raising blood pressure, sug- 
gested that an excess of this hormone might 
possibly be the cause of some of the essen- 
tial hypertensions.2? There was no proof 
that such an excess did actually exist in the 
disease, and the difficulty of demonstrating 
with existing techniques such an excess, 
even though it might actually be present, 
was appreciated. Furthermore, there was 
indirect evidence, adduced from the char- 
acteristic histology of the disease, which 
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was consonant with such a view of sero- 
tonin as an etiological factor. For these 
reasons, attempts were made to predict and 
to synthesize an antimetabolite of serotonin 
which could be tried against hypertension. 
The technique was to apply the general 
rules which had been established for the 
conversion of the structure of a metabolite 
into that of an antimetabolite. After trial 
of a surprisingly small number of such ana- 
logues, one was found which was power- 
ful enough and which possessed other re- 
quired properties to justify trial in human 
beings. This was the benzyl analogue of 
serotonin, or BAS, shown in Fig. 5. Through 
the kind cooperation of Dr. Robert Wil- 
kins® this compound was tested in es- 
sential hypertension and found to give 
rather encouraging results.‘ The effects of 
oral doses on blood pressure seen in one of 
his patients are shown in Fig. 6. The drug 
also had a desirable tranquilizing action 
on the patients, and allowed them to sleep 
better in addition to the effects on blood 
pressure. Wilkins studied a series of 25 
patients, and found good reductions in 
blood pressures and other desirable effects 
in 9. Seven showed no favorable response, 
and the remainder showed some but slight 
betterment. The drug had been of particu- 
lar interest because in normal dogs and in 
nonhypertensive humans it had not caused 
falls in blood pressure,’?*> and it thus 
differed from drugs such as hexamethonium 
which reduced blood pressure of normal 
persons (sometimes to an alarming degree ) 
as well as that of hypertensive patients. It 
would seem that BAS may prove to be the 
first member of a series of useful drugs 
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for the treatment of hypertension. Current 
laboratory experiments have shown that the 
classical techniques of modifying the struc- 
ture may cause more suitable members of 
the series to appear. The fact that BAS 
does not benefit all hypertensive persons 
should be no cause for surprise, as many 
students of this disease consider it to be 
not a uniform clinical entity. For example, 
in a group of hypertensive individuals the 
elevated blood pressure has been shown to 
be due to an excess of epinephrine, al- 
though this group is a minor fraction of 
the whole. Its existence may indicate the 
varied causes of the symptom which we 
tend to call the disease. 

This approach to the chemotherapy of 
noninfectious diseases is not limited to 
those which arise from an excess of some 
hormone, as in the preceding examples. 
It has also been applied to diseases which 
seem to arise either from an increase in 
physiologic functions normally involved 
with one or several essential metabolites, 
or from those in which the pathologic 
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process is in some way involved with one or 
more essential metabolites. This can be seen 
to clear advantage in the case of a drug 
like bishydroxycoumarin (dicoumarol). 
Dicoumarol was not discovered as the 
result of an  antimetabolite approach. 
Rather it is a drug which was found in the 
classical way as a result of the investiga- 
tion of why spoiled sweet clover hay was 
poisonous. The toxic substance was isolated 
in pure condition from the hay, and its 
chemical structure was determined. By 
keen observation it was seen that the reason 
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why this compound was harmful was that 
it caused a failure of the blood to clot. This 
is the characteristic sign of vitamin K de- 
ficiency, and it was soon shown that the 
biochemical lesion of deficiency of this 
vitamin, viz., a reduction in prothrombin 
in the blood, was called forth by dicouma- 
rol. Furthermore, vitamin K would protect 
an animal against the toxic action of the 
drug. Dicoumarol is related structurally to 
the vitamin (Fig. 7), although the analogy 
is not as great as is the case with pyrithia- 
mine and thiamine, or sulfanilamide and 
PAB. It is more like that in, let us say, 
phthalylsulfathiazole and PAB. 

The clinical use of dicoumarol depends 
on its ability to retard clotting of blood. 
Thus, where embolisms threaten the con- 
tinued well-being of a patient, this drug 
is able to be of service by reduction in the 
number of thrombi which are formed. The 
induction of vitamin K deficiency with an 
antimetabolite of vitamin K has thus been 
seen to be therapeutically useful in this 
pathologic condition, even though the dis- 
ease itself is not due to an excess of vita- 
min K. The usefulness of the drug is the 
result of its interfering with an essential 
metabolite (vitamin K) which happens to 
be drawn in as an innocent participant in 
a chain of disturbed metabolic events, viz., 
the abnormal formation of clots. 

The application of the kind of thinking 
under discussion is well illustrated by the 
introduction of aminopterin and other anti- 
folic acids into medicine for the treatment 
of leukemia of childhood. Here, in contrast 
to the discovery of dicoumarol which fol- 
lowed the classical pattern, the antimetabo- 
lite concept was the reason for the discovery 
of the drugs and their introduction into 
therapy. About a year after the publica- 
tion of the work on the thyroxine analogues 
which was described above, the chemical 
structure of the vitamin folic acid was es- 
tablished.t It was recognized that one of 
the principal signs of folic acid deficiency 
in many species of animals was leukopenia. 
There is a common disease, leukemia, in 
which one of the pathologic features is an 
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increase in leukocytes. Therefore, it might 
be possible to bring about a reduction in 
the numbers of these cells by administra- 
tion to patients of an antimetabolite of folic 
acid. 

After a few antifolic acids of low po- 
tency have been synthesized and tested, 
one of very high potency was found. This 
was aminopterin, the structure of which is 
shown in Fig. 8. Note how closely it re- 
sembles the vitamin. This compound has 
now been tested extensively in the treat- 
ment of leukemia of childhood. It does not 
cure the disease but it does bring about 
remissions in a considerable percentage of 
the patients. These remissions last for a few 
months to a year or two, but the cancer 
then seems to develop a resistance to the 
drug, and once more progresses. 
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Investigators of the chemotherapy of 
cancer were much encouraged by the re- 
sults with aminopterin and some of its de- 
rivatives which were synthesized later ac- 
cording to established custom. Although 
these antimetabolites of folic acid did not 
prove to be entirely satisfactory drugs, they 
did prove to be more efficacious than any 
existing treatment of the disease. For this 
reason the study of antimetabolites gained 
a foothold in the field of cancer chemo- 
therapy just at the time when most students 
of the chemotherapy of infectious diseases 





were repeatedly decrying this approach to 
chemotherapy, and were pointing to the 
success with the antibiotics, which were 
discovered in the classical fashion, to show 
that screening programs (i.e., reliance on 
chance ) were the only promising approach 
to chemotherapy. 

There has been so much clinical investi- 
gation of the therapeutic effects of the 
antimetabolites of folic acid that the real 
reason for their introduction has sometimes 
been overlooked. If there is any doubt, one 
has only to read one of the early papers by 
Jukes and his associates,* in which experi- 
ments with antimetabolites of folic acid 
were first described, and remember that it 
was from that laboratory that aminopterin 
and most of the other antifolics came. The 
raison détre was the knowledge that folic 
acid deficiency leads to reductions in leuko- 
cytes, and that folic acid deficiency can 
be induced with certain structural ana- 
logues of the vitamin. 

Because this Symposium will contain 
many papers which will deal with the use 
of antimetabolites in attempts at the chemo- 
therapy of cancer, no more will be said here 
except to make the following comment. 
Most of the antimetabolites of folic acid, 
and of the purines and pyrimidines which 
have been much studied, are poisonous to 
normal animal tissues. Those who attempt 
to use them in the chemotherapy of cancer 
hope that they will be more poisonous to 
the neoplasm than they are to normal tis- 
sues. The principal reason for so hoping is 
that cell division in the cancers is usually 
more rapid than it is in normal tissues, and 
it is principally the processes of cell division 
which are affected by these antimetabolites. 
All of them interfere with biochemical reac- 
tions by means of which the nucleic acids 
are formed. The normal cell also depends 
upon these same vital processes. The lack 
of sufficient selective toxicity may be one of 
the principal reasons why better results 
have not been obtained. We must find a 
biochemical reaction concerned with cell 
division in the cancer which is not also 
used by the host and aim intelligently at 
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this reaction. Some experiments in this di- 
rection have already been started!® but 
there should be much more effort. 


Discovery of the mode of action 
of some existing drugs 


Since the section on the first aspect of 
the antimetabolite revolution in pharma- 
cology was begun with the example of the 
antimetabolites of serotonin, let us continue 
with this case to exemplify the second as- 
pect of the revolution—that having to do 
with the discovery of the mechanism of ac- 
tion of some existing drugs. This is con- 
venient because some classes of drugs 
which have been known and studied for a 
long time have recently been shown to be 
antimetabolites of serotonin, and to owe 
some of their pharmacologic effects to this 
fact. There are also other examples of 
naturally occurring drugs which have been 
shown to be antimetabolites of other vita- 
mins or hormones. One such is dicoumarol, 


_ described above, which was discovered in 


the classical fashion but which was later 
recognized to be an antimetabolite of vita- 
min K. 

Three series of well-known drugs of 
natural origin have been shown to be anti- 
metabolites of serotonin. These are the 
harmala alkaloids, yohimbine and its rela- 
tives, and the ergot alkaloids. Early in the 
work on the synthesis of antimetabolites 
of serotonin for use in the treatment of 
hypertension our attention was called to 
drugs which had in the past been used in 
the attempts to treat these diseases. These 
included yohimbine and ergotamine. It was 
seen that these alkaloids were structural 
analogues of serotonin. Experiments with 
isolated smooth muscles from carotid 
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arteries quickly showed that the drugs were 
competitive and reversible antagonists of 
this hormone.!® Because the harmala alka- 
loids are even more closely akin in chemical 
structure to serotonin than yohimbine is, 
these alkaloids were also studied. Fig. 9 il- 
lustrates the structural analogy of harmine 
and serotonin. On an isolated smooth 
muscle such as the rat uterus one can 
readily show that harmine is an antagonist 
of the action of serotonin. The structures 
of yohimbine and of the ergot alkaloids are 
shown in Fig. 10. These drugs are more 
complicated in chemical structure than the 
harmala alkaloids, but it can be readily 
seen from the figures that yohimbine is 
essentially a harmala alkaloid to which have 
been added two or more rings. The differ- 
ence may be likened to the change in 
passing from sulfanilamide to phthalylsulfa- 
thiazole, although, of course, the exact 
structural alterations are not the same. The 
change in passing from serotonin to the 
ergot alkaloids is different from that in- 
volved in passing from serotonin to yohim- 
bine, but in the ergot alkaloids also new 
rings have been added to those derivable 
from serotonin. The addition of the extra 
rings both in yohimbine and in the ergot 
alkaloids confers on the molecules a struc- 
tural resemblance to the adrenalines, and it 
may be for this reason that one finds a 
functional relationship of both yohimbine 
and ergotamine to the adrenalines as well 
as to serotonin. In view of what has been 
said we may view some of the pharmaco- 
logic actions of the harmala alkaloids, yo- 
himbine and its derivatives, and the ergot 
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alkaloids as being the result of interference 
with the action of serotonin. As we shall see 
in the next section, this interference in some 
tissues seems to be the result of a serotonin 
deficiency, but in others it seems to be due 
to the fact that the analogues (the alka- 
loids) can act like serotonin. In these tis- 
sues the analogues fit the serotonin 
receptors well enough that instead of 
blocking them the analogues in fact acti- 
vate them just as serotonin does. 

One must not forget that the action of 
a drug on an animal is a resultant of many 
effects. For example, it is known that cer- 
tain tissues take up a given compound 
preferentially, and that with other tissues 
an active barrier exists to the entry of 
certain compounds. Similarly, the ability to 
destroy a given drug varies greatly from 
tissue to tissue in the same individual. As 
a result a given drug does not have the 
same chance to affect all parts of an animal 
equally. For reasons such as these, and for 
others, the pharmacologic actions of two 
drugs will differ, even though they may 
owe their basic activity to, let us say, the 
induction of a serotonin deficiency. One 
must not forget also that a given essential 
metabolite such as serotonin reacts with 
several different receptors or enzymes in 
the body. In each of these separate reac- 
tions the drug will be in competition for the 
active site with serotonin. The relative 
affinities of drug and hormone will not be 
the same for each of these different active 
sites. For these reasons then one should not 
be surprised to find that two antimetabolites 
of serotonin do not have identical pharma- 
cologic results even though they both cause 
a serotonin deficiency. 


Discovery about the etiology 
of certain diseases 


This third aspect of the revolution in 
pharmacology can best be illustrated with 
an example taken again from the work with 
antimetabolites of serotonin. There are 
other examples also. One remembers that 
histamine was lifted from limbo into the 
role of a respectable essential metabolite 











566 Woolley 


with a part to play in normal physiology 
largely because of the therapeutic effects of 
the antihistamines, and that the role of his- 
tamine in certain allergic disorders was 
established principally as a result of the 
therapeutic successes with these same anti- 
histamines. The laboratory experiments 
showing the pharmacologic actions of his- 
tamine had been all but argued away be- 
cause every point at issue had not been 
resolved. The introduction of the antihista- 
mines saved the day, even though there is 
still much to learn about histamine. 

Experiments with human beings and 
with other animals have given evidence 
that serotonin is intimately concerned with 
the etiology of certain mental disorders 
such as schizophrenia. The use of analogues 
of this hormone, and interpretation of the 
findings through the aid of the concept of 
the mechanism of action of such antag- 
onists made this possible. 

In hypertensive patients clinical trials of 
one of the first antimetabolites of serotonin 
to be synthesized (the nitroindole of Fig. 
11) showed that it was unsuitable. It in- 
duced profound depression in the patients. 
In long-term experiments in mice it had in- 
duced some ill-defined changes in the be- 
havior of a few individuals?® but these 
changes were difficult to assess. The clinical 
trials indicated clearly that it affected the 
mind. At the same time other synthetic 
antimetabolites of serotonin were being 
found and tested in animals. A few of these 
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are shown in Fig. 11. Each of these brought 
about marked changes in behavior of the 
animals such as to suggest that the mental 
faculties were affected. Some brought about 
also characteristic neurological manifesta- 
tions of a central character. Thus, medmain 
incited strange epileptiform convulsions in 
mice,'! and benzyldimethylthamca made 
dogs behave in a way to suggest that they 
were mentally disturbed.'* At about this 
same time (1953), as outlined in the pre- 
ceding section, experiments were revealing 
that harmine, yohimbine, and the ergot 
alkaloids such as lysergic acid diethylamide 
and ergotamine owed much of their phar- 
macologic action to the fact that they were 
antimetabolites of serotonin. Each of these 
well-known drugs had for a long time been 
known to bring about psychiatric changes 
in man and in higher animals. Lysergic 
acid diethylamide or LSD had just begun 
to attract attention because of its fantastic- 
ally high potency in bringing about in nor- 
mal people some of the mental changes 
associated with schizophrenia. LSD turned 
out to be the most active antiserotonin of 
all the ergot alkaloids when tested on the 
smooth muscles of carotid arteries. At 
about the same time Gaddum and Ha- 
meed? also had found that LSD was an an- 
tagonist of serotonin on a smooth muscle 
preparation (rat uterus). 

Here then was a rather large number of 
drugs both natural and synthetic which had 
in common two features: (a) They were 
antimetabolites of serotonin. (b) They in- 
duced psychotic and behavioral changes re- 
sembling those seen in mental diseases of 
natural occurrence. These facts suggested 
to Woolley and Shaw**:*4 in 1954 that the 
reason why the drugs induced psychotic 
changes was that they were interfering with 
the functioning of serotonin in the brain. 
If this were so, then perhaps natural men- 
tal disorders such as schizophrenia were 
caused by a disturbance of serotonin me- 
tabolism in the brain. This disturbance 
would not need to arise from any poisonous 
substance acting to interfere with the func- 
tioning of serotonin in the brain, but could 
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be merely the result of a metabolic failure 
to make enough of the hormone there, or to 
destroy it normally. The concept thus arose 
of a disturbance in serotonin metabolism 
in the brain as an etiological factor in cer- 
tain mental diseases. 

The first interpretation from these results 
with the analogues of serotonin would be 
that the mental disease was to be ascribed 
to the lack of this hormone in the brain, 
as most antimetabolites bring about a de- 
ficiency of the metabolite to which they are 
related. However, Woolley and Shaw”? rec- 
ognized that the interpretation of an ex- 
cess of serotonin might also be valid, and 
this became a distinct possibility when 
they showed that first LSD, and later other 
hallucinogenic analogues of serotonin, did 
in fact act like serotonin on certain tis- 
sues.*>.26 Apparently in these tissues the 
analogues unite with the serotonin receptors 
and fulfill the functions of the hormone 
rather than antagonizing them. Careful ex- 
amination of all of the existing data showed 
that they indicated clearly that a disturb- 
ance in the functioning of brain serotonin 
was related to psychotic change, but that 
one could not tell with certainty whether 
it was caused by too much or too little. 
This question has not been finally answered 
up to the present time, but the evidence 
which has recently been obtained seems 
to indicate that the depression one sees 
may result from too little cerebral sero- 
tonin; the mania from too much. There is 
still much to be learned about this problem. 
This reviewer finds no difficulty in account- 
ing for all of the data in terms of this work- 
ing hypothesis. Many statements have been 
heard in the last few years to the effect 
that many discrepancies have not been re- 
solved about the serotonin hypothesis, but 
the present author is not aware of any. It 
is, of course, necessary to understand the 
hypothesis, and some of its critics have ap- 
parently not done so fully. 

Some time after the appearnce of the 
serotonin hypothesis, supporting evidence 
for it was provided by the establishment of 
the chemical structure of reserpine,** and 
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the finding that this tranquilizing drug 
brought about the displacement of sero- 
tonin from tissues.’ It will be remembered 
that before this yohimbine had been shown 
to be an antimetabolite of serotonin’ and 
reserpine turned out to be a derivative of 
yohimbine (Figs. 1, 10). In isolated smooth 
muscle reserpine is not a freely reversible 
antagonist of serotonin as yohimbine had 
been shown to be. However, reserpine does 
bring about the displacement of serotonin 
from tissues as one would expect an anti- 
metabolite of the hormone to do. In fact, 
a bona fide antimetabolite of serotonin, 
such as BAS could be shown to displace 
serotonin.*! The involvement of reserpine, 
a drug in fashion for the treatment of men- 
tal disorders, with the action of serotonin 
did much to focus attention on the pre- 
existing hypothesis that serotonin played a 
major role in these diseases. 

If analogues of serotonin cause mental 
disturbances, how is it that an analogue 
such as BAS can be used to treat hyper- 
tension? Does it cause mental disturbances? 
The answer is that it does not, and that 
it was designed specifically to avoid this 
problem. The experience with the first 
synthetic analogue of serotonin, the ni- 
troindole of Fig. 11, as well as with other 
analogues discussed above, had shown that 
a successful drug could not be achieved 
until the problem of how to avoid men- 
tal changes could be understood. At this 
time it was found that serotonin does 
not pass readily from the blood into the 
brain.24 Some barrier exists to it, probably 
in the cerebral capillaries, although this 
has not been proved. The failure of sero- 
tonin to enter most of the brain was, how- 
ever, established, and has been confirmed 
by others. Evidence was found that this 
inability to pass from blood to brain was 
in part associated with the primary amino 
group in the side chain of the hormone. 
This is the site of attack of amine oxidase 
when it destroys serotonin. It was thought 
that if this amino group were kept in the 
analogue, the analogue might be kept out 
of the brain in the same way that the hor- 
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mone itself is. For this reason BAS was 
designed with a primary amino group in 
the side chain. The best evidence that 
BAS enters the brain with difficulty is that 
although BAS causes no marked behavioral 
change in animals when it is given pe- 
ripherally, it does when given directly into 
the brain.?® This is not to say that none 
gets into any part of the brain when the 
drug is given peripherally. In animals and 
in human beings tranquilization can be 
seen after administration of large doses. 

If the serotonin hypothesis about the 
cause of some mental disorders is followed, 
some approach becomes possible to the 
problem of chemotherapy of mental dis- 
eases, an approach not wholly dependent 
on chance discovery. If the manic condi- 
tions are the result of an excess of sero- 
tonin in the brain, then we should strive 
to make an antagonist of serotonin which 
will reach the brain and have no serotonin- 
like effects there. Most of the existing anti- 
metabolites have been found to have to a 
greater or lesser degree some serotonin- 
like actions on certain tissues, and some 
have been shown to have this kind of ac- 
tion on those cells of the brain which can 
be seen to react to serotonin.” If the de- 
pressions are associated with a deficiency of 
serotonin in the brain, then a way to over- 
come this deficiency should be sought. One 
such way is being actively explored in 
many laboratories now. This is to reduce 
the rate of destruction of the hormone by 
amine oxidase through the use of inhibitors 
of this enzyme. Considerable success has 
been reported*® with the use of these 
agents, but it is not yet clear whether or 
not the effects of the drugs are due to in- 
creased cerebral serotonin, or even to in- 
creased serotonin plus epinephine plus 
norepinephrine. Inhibition of monoamine 
oxidase brings about increases of other 
amines as well as of serotonin. 


Conclusion 


With these few examples of pharma- 
colygic agents developed through the ap- 
plication of the antimetabolite concept, a 
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glimpse can be had of the revolution under 
way in pharmacology. The revolution has 
practical aims in the discovery of new series 
of drugs, but it has also theoretical aspects 
in the understanding of the mechanism of 
action of existing drugs, and in the under- 
standing of normal physiology as well as 
of diseases with unknown etiology. The 
revolution is not going to mean that chance 
will be abandoned as a source of discovery. 
The new development relies heavily on the 
body of knowledge of biochemistry, endo- 
crinology, and physiology, and so much re- 
mains to be discovered in those fields. 
Enough is now known, however, that a 
start can be made. Screening programs are 
here to stay, and we could not get along 
well without some of them. What the 
antimetabolite revolution is doing is to re- 
duce the reliance on chance in the discovery 
of the first member of a new series of 
drugs, and to make more understandable 
the rational basis of discoveries which 
chance will continue to provide. Thus, the 
analogues of serotonin were discovered by 
chance to cause mental disturbances, but 
when they were seen to be antimetabo- 
lites of serotonin, the next thing to do. be- 
came clear. 
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Part Il. Pyrimethamine 


The use of an antimetabolite in the 


chemotherapy of malaria and other infections 


G. H. Hitchings, Ph.D. Tuckahoe, N. Y. 
Wellcome Research Laboratories, Burroughs Wellcome & Co. (U.S.A.) Inc. 


Pyrimethamine (B.W. 50-63,* 2,4- 
diamino-5-p-chloropheny]-6-ethylpyrimi- 
dine) (Fig. 1, J) is an antimalarial drug 
especially noteworthy for its extremely high 
potency as a suppressive (prophylactic) 
agent and for its action on plasmodial 
gametocytes with a resultant arrest of 
sporogony in the mosquito. Pyrimethamine 
also has an effect on pre-erythrocytic and 
latent tissue forms of plasmodia. This effect 
may result in “causal prophylaxis” or “sup- 
pressive cures,” though the former may be 
incomplete and the latter have been dem- 
onstrated only with the Chesson strain of 
Plasmodium vivax under controlled condi- 
tions. Pyrimethamine in combination with a 
sulfonamide has been used in the therapy of 
infections with other protozoa, Toxoplasma 
gondii in the mouse and human and 
Eimeria tenellum in the chick. Other sec- 
ondary uses will be described below. 

Pyrimethamine is a by-product of a series 
of investigations directed primarily toward 
the synthesis of antimetabolites which 
would produce specific blocks in the bio- 
synthetic pathways which lead to the 
nucleic acids.3%-4*:77,78,81,82 As a concept of 
the mechanism of action existed in this in- 
stance before the drug was synthesized, a 


Received for publication March, 1960. 
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discussion of mechanism finds an early 
place in this review on historical grounds. 
But it is hoped that such an order of pre- 
sentation will also facilitate an understand- 
ing of therapeutic applications, side effects, 
and limitations. 


Mechanism of action 


During investigations of analogues of 
the pyrimidine base, thymine, it was found 
that all derivatives of 2,4-diaminopyrimi- 
dine and a number of related structures 
possess antifolic acid activity®® for lactic 
acid bacteria. The activities of these sub- 
stances were especially marked among 
those bearing weighty substituents in the 
5-position of the pyrimidine ring. There- 
fore it was decided to investigate this sub- 
group for possible utility as chemothera- 
peutic agents. Antimalarial activity of an 
encouraging order was found in two 
phenyoxypyrimidines (Fig. 1, IJ) submitted 
for trial, their potency being 2 and 5 times 
that of quinine, respectively. The develop- 
ment of this research through correlations 
of chemical structure and _ activity*®:751"*4 
culminated in the synthesis of pyrimetha- 
mine,!!7 which, in screening tests, is ap- 
proximately 1,000 times as potent as qui- 
nine.*§ 

The diaminopyrimidines at first appeared 
to have little or no relationship to known 
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antimalarial drugs. On reflection, however, 
a relationship to chlorguanide (proguanil,* 
Fig. 1, III) becomes apparent. The latter 
represented the culmination of a long 
series of investigations which at one 
time passed over a number of pyri- 
midines related to the pyrimethamine 
series.”33,99.135 Tn considering structure-ac- 
tivity relationships in the pyrimidine series 
it was noted that, if chlorguanide were con- 
sidered to take a folded form such as that 
represented in Fig. 1, III, the resulting 
structure closely resembles that of a 5- 
phenylpyrimidine.*® Somewhat earlier 
Hawking and Perry™ had noted that, 
whereas chlorguanide itself did not possess 
antimalarial activity when tested in vitro, 
an active substance was produced from it 
by incubation with liver brei. This finding 
suggested that the true antimalarial might 
be a metabolite of chlorguanide. This ac- 
tive metabolite was eventually isolated 
from excreta of rabbits and human sub- 
jects, identified as the dihydrotriazine (Fig. 
1, IV ),3* and synthesized.'*1°* The specu- 
lative analogy between pyrimethamine and 
chlorguanide thus became a real structural 
analogy, which was extended to the as- 
triazines (Fig. 1, V).75.88 

The pyrimidines and both series of tria- 
zines have closely similar activities against 
microorganisms.** It is believed that differ- 
ences in antimalarial activities among these 
compounds depend on details of chemical 
structure which influence union with the 
cellular binding sites of both host and para- 
site and on the metabolism and clearance 
of the compounds by the host. 

The locus and mechanism of action of 
pyrimethamine may be clarified by refer- 
ence to Fig. 2. In this diagram X and Y rep- 
resent the intracellular forms of folic acid 
(Fig. 3, IJ, FA) and citrovorum factor (fo- 
linic acid,* Fig. 3, III, CF) respectively. 
Some details of the structures of these in- 


’ tracellular forms remain to be determined, 


but for the present purposes one may 
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simply note that Y (CF) is a reduced form 
of FA which contains an exchangeable one- 
carbon fragment and that both forms of the 
vitamin include the p-aminobenzoic acid 
(Fig. 3, 1, pAB) moiety. The ultimate func- 
tion of this vitamin, in the various coen- 
zyme forms,‘!:*> here represented by Co F, 
is the transfer of these one-carbon metab- 
olites. This is an essential step in the syn- 
thesis of the thymine, adenine, and gua- 
nine moieties of the nucleic acids. These 
reactions are common to ail living 
organisms. 


me 
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Fig. 1. Chemical structures of pyrimethamine and 
structurally analogous antimalarials. 


However, there are species differences in 
the way the coenzymes are formed, and 
these provide the basis for the differential 
effects of the therapeutic agents. Most mi- 
croorganisms are obliged to synthesize X 
via p-aminobenzoic acid (pAB). Higher or- 
ganisms cannot accomplish this synthesis 
and have an obligate requirement for one 
of the preformed vitamins. These two 
routes to X, generally speaking, are alterna- 
tives; most organisms which can synthesize 
X de novo cannot use preformed FA or CF 
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for this purpose.1°°155*t They are conse- 
quently susceptible to inhibition by the 
sulfonamides, which act as antimetabolites 
of pAB and thus block the synthesis of FA. 
As the blocked reaction is absent from the 
host, the sulfonamides have a very high 
order of differential effect (chemothera- 
peutic index). The reaction blocked by 
pyrimethamine, the enzymatic reduction 
of X —=> Y, is a reaction common to both 
parasite and host.* In this instance the dif- 
ferential effect depends on two factors: 
(1) the much tighter binding of drug to the 
folic acid reductase of the parasite than to 


*This refers to concentrations of the vitamins within 
the physiologic (millimicrogram) range, where some cells 
appear to concentrate FA by some active, energy-re- 
quiring process. At concentrations one thousand fold greater, 
FA may enter the cells of other species by a process of 
diffusion.158 

tThe existence of this biochemical reaction in plas- 
modia may be inferred from their apparent requirement 
for pAB and their responses to sulfonamides. Plasmodia 
have little virulence in breast-fed infants,5°5 jin mice 
fed a milk diet! or a meat diet,? or in rats and monkeys 
fed on milk.72 The protective effect of the experimental 
diets was shown to be due to their lack of pAB since the 
addition of as little as 1 part in 40,000 of milk for P. 
berghei in mice, or 1 part in 1,000,000 for P. knowlesi in 
monkeys restored full virulence.72 Similarly, a dose of the 
order of 1 wg per mouse was sufficient to restore a fulmi- 
nating infection of P. vinckei (berghei) in mice receiving 
a meat diet.*:%.36 Most species of Plasmodium (with the 
possible exception of P. relictum) are sensitive to sulfon- 
amides.72 It remains to be determined whether plasmodia 
can incorporate preformed folic acid as well as synthe- 
size it de novo, and no definitive experiment to settle this 
problem has yet been devised. Trager,1*%.139 working with 
P. lophurae in vitro found folinic acid to affect survival 
favorably whereas folic acid was without effect. Hawking 
found that FA was as effective as pAB in reversing the 
effect of a milk diet in rats infected with P. berghei. Later, 
Trager found that infected duck erythrocytes contain 
much more FA and CF than do uninfected; he interpreted 
this as an effect of the parasite on the host cell metab- 
olism. This and the other observations mentioned are 
capable of several interpretations. Folinic acid (CF) is 
much less stable than FA and a better source of both 
the pteridine and p-aminobenzoylglutamic acid moieties; 
its effects may therefore be indirect rather than direct. 
The “extra” folic acid of duck erythrocytes probably re- 
flects synthesis by the parasite rather than the host, as 
Aves as well as Mammals lack the ability to perform 
this synthesis. Finally, the failure of exogenous supplies 
of folic and folinic acid to influence the chemotherapeutic 
activity of the antifolic acid drugs,5%.8¢,181 while counter- 
acting their toxicity, suggests that the parasites rely pri- 
marily, if not entirely, on biosynthesis rather than in- 
corporation for the precursors of Co F. 

tThis has been shown clearly in bacteria and bacterial 
extracts®?.1457 but has not yet been demonstrated directly 
in Plasmodium. The similarity of the responses of the 
various species to pyrimethamine argues strongly for the 
similarity of their biochemical reactions. 
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that of the host* and (2) the ability of the 
host to bypass the blocked reaction through 
the availability of exogenous sources of an 
immediate precursor of the product of the 
blocked reaction, namely, the CF of the 
food.t An important by-product of the 
locus of action of pyrimethamine and re- 
lated compounds is the strong potentiation 
which they show when used in combina- 
tion with sulfonamides—a consequence of 
the blocks at two points lying in sequence 
along the same enzymatic pathway.***% 
This is a matter that will be given more 
detailed consideration later. 





Toxicology 


Pyrimethamine exhibits acute and 
chronic toxicologic effects which are quite 
dissimilar and apparently unrelated. Emesis 
and acute convulsant activity were ob- 
served following massive doses in rats, 
mice, dogs,®7° and monkeys.®:!°° The 
same symptoms have appeared in inadvert- 
ent acute overdosage in children,1:17:67,76110 
At at total dose estimated to be 25 mg. per 
kilogram of body weight 3 of 4 children 
recovered, while 2 taking doses of about 
40 and 75 mg. per kilogram, respectively, 
succumbed. These immediate manifesta- 
tions of toxicity could largely be suppressed 
by the administration of anesthetic bar- 
biturates in the experimental animals.” 
These symptoms are exhibited to a greater 
or less degree by all 2,4-diaminopyrimidines 
but the structural requirements for maxi- 
mum convulsive activity are quite different 
from those for antifolic acid or antimalarial 
activity. 

Experimental animals that recovered or 
were protected from the immediate effects 


*The concentration of pyrimethamine which is effective 
in vivo against Plasmodium can be calculated from the 
minimum effective doses in man (ca. 0.01 mg. per kilo- 
gram%.87) as approximately 4 mug per milliliter. This con- 
centration is of the order required for the inhibition of 
lactic acid bacteria.”.*1 However, pyrimethamine is bound 
to the folic acid reductase only 1 per cent as tightly as is 
aminopterin (D.R.Wood: personal communication). 

+The reversal of the toxicity of pyrimethamine by CF 
has been demonstrated in the growing rat,®* the mouse and 
man,®3 and chick.% 
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Fig. 2. Diagrammatic representation of the biosynthetic pathways leading to the purines 
and thymine. The areas enclosed in dashed lines contrast the alternate routes to intracellular 
folic acid (X) and folinic acid (Y) which are peculiar to microorganisms (Protozoa Only) 


and to higher animals (Man Only). 


of the drug exhibited manifestations which 
could also be produced by chronic adminis- 
tration and closely resembled those of folic 
acid deficiency resulting either from die- 
tary deprivation or the administration of 
the more usual folic acid antagonists 
such as aminopterin and A-methop- 
terin.®9:70,82,120,160 These included _ileitis, 
colitis, and stomatitis of varying degree on 
the one hand, and hematologic manifesta- 
tions on the other. To some extent the rela- 
tive importance of the gastrointestinal and 
bone marrow effects depends on the inten- 
sity of the challenge; with lower levels and 
more chronic administration the hemato- 
logic effects are much the more promi- 
nent."°§2,120 This is the basis for the chronic 
administration of pyrimethamine to control 
polycythemia vera.5>.56.88,90,92* For this pur- 
pose, doses of the order of 7.5 to 50 mg. per 
day have been given in some instances for 


°A near relative of pyrimethamine (B.W. 50-197) has 
significant activity in the therapy of acute leukemia.1% 


periods of over 2 years. In a few patients 
side effects such as thrombocytopenia, leuk- 
openia, atrophic glossitis, ulcers of the buc- 
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cal mucosa, and alopecia occurred. “These 
side effects were never serious and could 
be reversed by folic acid even with con- 
tinued pryimethamine administration.”>* 
Similarly, pyrimethamine in conjunction 
with sulfadiazine has been given to patients 
with toxoplasmosis at a level of 25 mg. per 
day for 6 or more weeks “without risk.”® 
These studies establish limits of tolerability 
of pyrimethamine for continuous daily ad- 
ministration in good agreement with the 
findings of Myatt and associates,'°*1°° who 
reported that daily administration of 25 
mg. to 12 normal volunteers for 7 weeks 
produced mild anemia in 5 and a moderate 
macrocytic anemia in one subject. These 
anemias were accompanied by megaloblas- 
tic changes in the bone marrow. The ane- 
mias disappeared and the bone marrow 
promptly returned to normal when the drug 
was discontinued. 

For antimalarial chemotherapy, pyri- 
methamine is effective when administered 
at weekly rather than daily intervals and 
under these conditions the tolerability is 
extraordinarily high. In preliminary trials 
one individual took 3.8 Gm. over the course 
of a year, on schedules varying from 5 mg. 
per day to 50 mg. twice weekly, without 
any effects on health, blood, or bone mar- 
row. Thirteen volunteers took 50 mg. twice 
weekly for 3 months with essentially no 
significant effects.** In another study 35 
volunteers of mixed races took 25 mg. 
weekly for 6 months with no effects on 
blood or bone marrow.’ Similarly, no sig- 
nificant toxic effects were noted when 25 
mg. of pyrimethamine was administered 
weekly to 81 men for 6 months.** These pre- 
liminary experiences have received con- 
firmation in field trials involving many thou- 
sands of individuals, in whom no side 
effects have been observed with therapeutic 
doses. 


Pharmacology 


The wide difference in tolerability be- 
tween daily and weekly doses of pyrimeth- 
amine suggests a time for half-clearance 
in excess of 24 hours, with a resultant ac- 
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cumulation of the drug when it is given 
on a daily schedule. This is, in fact, the 
case. In the dog daily dosing led to a steady 
rise in plasma levels for a week or more, 
and a half-life of about 1.5 days. Tissue 
levels several fold those of plasma were 
found but there was no striking concentra- 
tion in any tissue or organ.® Similar re- 
sults were found in monkeys.®?:12128.129 Tn 
man the clearance time also appears to be 
somewhat longer than 24 hours!*5 but the 
initial clearance is followed by a long-con- 
tinued low-level excretion for at least 30 
days.1*°* These findings have an important 
bearing on the duration of antimalarial ac- 
tivity, the spacing of dosage, and the resis- 
tance liability, all of which will be dis- 
cussed below. 


Antimalarial effects 


A. Experimental. 

1. Animal experiments. During the war- 
time search for antimalarials in the United 
States a number of new screening tech- 
niques were introduced. These included 
the use of P. gallinaceum in week-old 


*There are some discrepancies in reports on the clear- 
ance and blood levels in man. Thus, Goodwin®? found a 
relatively rapid clearance as measured by a chemical (dye- 
lake) method but a long persistence in serum according 
to microbiologic assay, whereas Smith and IThrig!®® found 
good agreement between the methods and no evidence 
of any substance with higher microbiologic activity than 
the parent material. Smith’s results, however, show a 
biphasic excretion pattern. It is possible to put forward 
some interpretations based on unpublished experiments of 
Lorz and Hitchings with pyrimethamine-2-C™“ in dogs. 
The excretions in these experiments followed a normal die- 
away pattern for the first 24 hours, during which the 
bulk of the excreted drug was present in unchanged 
form. As time went on various still unidentified meta- 
bolites accounted for an increasing proportion of the 
total drug present in the sample, but some unchanged 
drug continued to be excreted. These metabolites would 
go undetected by both the chemical and microbiologic 
methods employed by other workers. However, at least 
one of these metabolites is convertible to pyrimethamine 
by relatively mild acid treatment. It seems reasonable 
to suppose that a_ significant part of any dose of 
pyrimethamine is converted to a relatively simple deriva- 
tive (possibly an acetyl derivative), which has a lower 
clearance rate than pyrimethamine itself but can _ re- 
generate the parent substance. This derivative would 
therefore serve as a depot from which the drug would 
be slowly released. Another source of slowly released 
drug is that bound to protein. Tracer experiments show 
protein-bound pyrimethamine to be quantitatively signifi- 
cant. It may be that both metabolites and protein-bound 
drug are involved in determining the excretion pattern. 
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chicks, P. lophurae in ducks, and P. know- 
lesi and P. cynomolgi in monkeys. There 
remained a need for a rapid, economical 
technique which employs a Plasmodium in 
a mammalian host. The work on pyrimeth- 
amine provided the first opportunity to ex- 
amine the suitability for screening purposes 
of the newly discovered P. berghei* in the 
laboratory mouse. Screening tests were 
carried out on the antimalarial 2,4-diamino- 
pyrimidines with P. berghei and P. gallina- 
ceum in parallel.**:!'* Some minor differ- 
ences in the correlation of structure and 
activity were found between the two tests 
but in general the agreement was good and 
the same optimal structure was selected 
from each subgroup. Moreover, similar min- 
imum effective doses (MED) (parasitemia 
reduced to 1 per cent of the control value) 
were active in both screening tests. These 
values were of the order of 40 pg per 
kilogram of body weight for pyrimeth- 
amine, which is approximately 200 times as 
active as chlorguanide against P. berghei 
and 60 times as active against P. gallina- 
ceum. In each case the quinine coefficient is 
of the order of 1,000. As the maximum tol- 
erated dose (MTD) in each species is of 
the order of 10 mg. per kilogram, the thera- 
peutic index (MTD:MED) is approxi- 
mately 250. In sporozoite-induced infections 
of P. gallinaceum the exoerythrocytic stages 
of the parasite were cleared. The pyrim- 
idines were effective against blood-in- 
duced infections of P. cynomolgi in 
monkeys, but parasites eventually appeared 
after short-term therapy of sporozoite- 
induced infections. This was interpreted as 
a suppressive action due to the prolonged 
presence of drug in the tissues. As discussed 
below, the drug does in fact have an effect 


*The discovery and identification of this Plasmodium 
in the “tree rat” (Thamnomys surduster surdaster) of the 
Belgian Congo is a fascinating story in scientific detec- 
tion, 144,145 

+Greenberg, Trembley, and Coatney®® have put for- 
ward the view that light inocula are better suited than 
heavy ones for the selection of agents as potential causal 
prophylactics of the human malarias. Pyrimethamine under 
controlled conditions was effective even with heavy 
inocula. 
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on the pre-erythrocytic parasites, but usu- 
ally they survive in sufficient numbers to 
generate a patent infection after delays due 
to the persistence of drug in the host and 
possibly to the reduction in number of para- 
sites. Activity also was demonstrated 
against P. cathemerium in canaries; in par- 
allel with chlorguanide the MED values 
were several fold higher than with P. 
gallinaceum. 

Studies by Schmidt!!® with P. cynomolgi 
in rhesus monkeys confirmed and extended 
the observations of Rollo. Daily doses of 
about 0.02 mg. per kilogram or weekly 
doses of 0.15 mg. per kilogram suppressed 
sporozoite-induced infections but relapse 
occurred when the drug was withdrawn. 
The pyrimidine was thus 10 to 20 times as 
active as chlorguanide and 100 times as ac- 
tive as chloroquine. Against trophozoite- 
induced infections pyrimethamine showed 
significant activity in doses as low as 0.0024 
mg. per kilogram (about 500 times as active 
as chloroquine). However, the dose-re- 
sponse curve of pyrimethamine was shallow 
and the amount required for 100 per cent 
cures was some 0.6 mg. per kilogram (about 
4 times as active as chloroquine ). A marked 
difference in response was noted between 
nonimmune and partially immune subjects. 
Seven daily doses of 0.009 mg. per kilo- 
gram cleared the parasitemia in 18 of 18 
partially immune monkeys and cured 11 of 
these. Acute infections were cleared rela- 
tively slowly by pyrimethamine, as com- 
pared with chloroquine, and the rate of 
clearance was almost independent of the 
dosage.* 

Jaswant Singh’s!** results with blood- 
induced P. knowlesi in rhesus monkeys 
differ from Schmidt’s with P. cynomolgi as 
regards the relative activities of pyrimeth- 
amine and chlorguanide, the former investi- 
gator finding a fourfold ratio of activity as 


*As the action of pyrimethamine is to interrupt the 
formation of the coenzymes required for the biosynthesis 
of nuclear material, it is reasonable to suppose that more 
than one nuclear division may have to take place before 
the pre-existing coenzyme becomes sufficiently diluted to 
interrupt this biosynthetic activity. 

















576 Hitchings 


compared with thirtyfold in Schmidt’s re- 
sults. However, Singh’s experiments failed 
to include side-by-side comparisons of the 
two drugs; the ratio was based on calcula- 
tions from two different studies!"!:1°3 which 
may have differed significantly from one 
another. Singh also noted a slow clearance 
of asexual erythrocytic parasites more or 
less comparable to that of chlorguanide, 
and found the rate of clearance to be rela- 
tively independent of dosage. He pointed 
out a long persistence of gametocytes, but 
did not test for their viability; the effect of 
pyrimethamine on sporogony will be dis- 
cussed below. 

Pyrimethamine gave effects similar to 
those of chlorguanide and _ chloroquine 
against P. hexamerium in ducks (i.e., clear- 
ance followed by relapse on drug with- 
drawal) and was 16 and 11 times as po- 
tent?®'! as chlorguanide and chloroquine, 
respectively. 

2. Controlled trials in the human. Studies 
of pyrimethamine under controlled condi- 
tions were extended to human subjects by 
Coatney”® using volunteers from the U.S. 
Penitentiary at Atlanta, Georgia. Vivax ma- 
laria of the Chesson (South Pacific) strain*® 
was induced by multiple bites from infected 
mosquitoes and the suppressive and cura- 
tive properties of the drug were tested. In 
the initial experiments, suppressive therapy 
at a level of 25 mg. was begun on the day 
of the bite and this dose was repeated 
weekly for 17 weeks. Of the few subjects 
treated with pyrimethamine only one de- 
veloped a positive blood smear and this 
one instance occurred some 21 months after 
the initial infection and 515 days after the 
last treatment. Untreated controls and con- 
trols treated with chlorguanide or chloro- 
quine developed primary attacks of malaria 
at the expected times. In a direct test of the 
ability of pyrimethamine to act as a casual 
prophylactic 3 volunteers were treated with 


*This strain of P. vivax characteristically has a short 
pre-patent period (mean, 11.8 days). When acute attacks 
were untreated, the parasitemia persisted for long periods, 
eventually becoming intermittent and disappearing. When 
each attack was treated with a suppressive drug, a similar 
pattern of relapses ensued.®* 
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single 25 mg. doses. All 3 developed ma- 
laria, but only after 72, 72, and 142 days, 
respectively. These results suggest that py- 
rimethamine does affect the pre-erythrocy- 
tic forms of the parasite, but that its action 
is incomplete under the conditions of the 
experiment. Exploration of various condi- 
tions with the aim of finding those for maxi- 
mal effectiveness has not been carried out. 
Trials to establish the minimum effective 
dose for suppression also produced evi- 
dence for action on the pre-erythrocytic 
parasites (Table 1). It will be noted that 25 
mg. of pyrimethamine, once weekly for 8 
weeks, resulted in “suppressive cures” or 
possibly “causal prophylaxis” in the group 
receiving the standard inoculum, but that 
2 of 3 subjects who received a more severe 
challenge developed malaria when the drug 
was withdrawn. A dose of 0.8 mg. per man 
per week was sufficient for complete pro- 
tection but at a dose of 0.4 mg., malaria 
developed during the course of therapy. 

In order to test for persistence of the 
drug in the body a group of subjects were 
given single 25 mg. doses of pyrimeth- 
amine at intervals before the biting by in- 
fected mosquitoes. Those treated 23 to 37 
days in advance of biting showed patent 
malaria at the expected time as did one of 
2 subjects treated 16 days before the biting. 
However, the other was well until 122 days 
after infection and one of the 2 who re- 
ceived treatment 9 days in advance re- 
mained free of the disease. A_ similar 
experiment with blood-induced infection 
showed that sufficient drug remained 17 
days after a single dose of 25 mg. to 
eradicate the infection completely; longer 
intervals were not tested. This type of ex- 
periment has encouraged the eradication- 
type field trials with widely spaced doses 
which will be discussed more fully below. 

When used to treat acute attacks, pyri- 
methamine was active in minute doses, but, 
as in the experimental malarias, it was 
found that larger doses did not materially 
shorten the time for clearance. Weekly 
doses for 8 weeks led to “suppressive cures” 
in about half the subjects.** 
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Table I. Suppressive effect of pyrimeth- 
amine.* Each subject received 8 weekly 
doses starting 6 days before being bitten by 
10 sporozoite-positive mosquitoes 


Appearance of parasites 
Weekly after drug withdrawal 
dose sir ————_—_—_—~—Xs—a" 
(mg.) No. of patients| Time positive 

positive (days) 


25t Complete 0/3 —- 
25t Complete 2/3 39-47 
12.5 Complete 3/3 41-52 
6.25 Complete 3/3 29-48 
3.1 Complete 3/3 22-40 
1.6 ~ Complete 3/3 21-24 
0.8 Complete 3/3 10-30 
0.4 Breakthrough — oenanee 


*From Coatney.2t 

*Treatment started on day of bite. 

tSubjects bitten by 25 sporozoite-positive mosquitoes 
on days 0,2, and 4. 


The etfectiveness of pyrimethamine as a 
prophylactic agent against P. falciparum 


was investigated under controlled condi- 
tions by Covell, Shute, and Maryon.?® Non- 
immune volunteers were treated with py- 
rimethamine (25 mg. once weekly) and 
were exposed to the bites of 10 to 12 heavily 
infected mosquitoes on 5 occasions over a 
2 week period. Biting and drug administra- 
tion were arranged in such a pattern that 
all possible intervals between the two were 
represented in the experiment, and the pa- 
tient received one or 2 of his weekly drug 
doses subsequent to the last biting episode. 
Protection was complete; moreover, it was 
clear that the drug had acted on the pre- 
erythrocytic parasites and is therefore a 
causal prophylactic of falciparum malaria. 

3. Effect on gametocytes. Early work on 
the effects of pyrimethamine had suggested 
no obvious effect of the drug on circulating 
gametocytes. Its effects are in fact pro- 
found, but this was discovered only when 
the parasites were followed through the 
various stages in the mosquito. Foy and 
Kondi*®? allowed mosquitoes to feed on a 
patient who was infected with P. falciparum 
both before and after a single 20 mg. dose 
of pyrimethamine. The mosquitoes were 
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dissected 18 days after feeding and ex- 
amined for plasmodial sporozoites. In the 
mosquitoes fed before treatment, the sporo- 
zoites developed normally, but those fed 
1 to 7 days later were all negative even 
though the patient’s blood appeared to 
carry a heavy load of gametocytes with a 
normal 1:1 sex ratio. Shute and Maryon??! 
carried out a definitive study of the effects 
of pyrimethamine therapy on sporogony 
of both P. vivax and P. falciparum, and 
their observations provided striking support 
for the view that the action of pyrimeth- 
amine is primarily on the dividing cell nu- 
cleus. The action of the drug was found to 
take place at the time of the earliest division 
of the nucleus in the oocyst, 36 to 48 hours 
after fertilization. A dose of 5 mg. of pyri- 
methamine was insufficient to affect P. 
vivax, but a dose of 50 mg. was effective 
within 2 hours. With P. falciparum infec- 
tions effects were observed as early as 3 
hours after treatment and lasted at least 6 
days. It remained to be determined whether 
pyrimethamine had some subtle effect on 
the gametocytes in the circulating blood 
of the host, or whether the drug ingested 
by the mosquito during its feeding would 
be sufficient later to interrupt sporogony. 
The latter possibility was ruled out by 
Bray,'! who administered drug-carrying 
feedings both just before and just after in- 
fective feedings and showed that sporo- 
zoites still appeared. 

With two additional strains of P. vivax 
(St. Elizabeth and a Korean strain), Young 
and Burgess!®® found sporogony to be in- 
terrupted within 8 to 24 hours after ther- 
apy; the effects persisted throughout the 
period of observation (8 to 11 days after 
drug treatment). 

Shute and Maryon'! pointed out that 
gametocytes persist for 2 or 3 weeks after 
the clinical cure of acute malaria with the 
usual schizonticides, and that patients, es- 
pecially those in military field hospitals, 
are often discharged just when they are 
becoming highly infective to mosquitoes. 
Such patients then become reservoirs for 
the dissemination of the disease. With this 
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in mind, the authors suggested the routine 
administration of a gametocidal drug such 
as pyrimethamine, before discharge. 

B. Field trials. The first field trial of py- 
rimethamine was carried out by Archibald‘ 
on a group of African children, aged 5 to 
10 years, naturally infected with malaria. 
In the first group each child was given a 
single dose of 25 mg. P. falciparum tropho- 
zoites were cleared by the fourth day in 
every case but gametocytes were present, as 
were trophozoites in a few cases of double 
infection with P. malariae. In extensions of 
this work it was found that a dose of 5 mg. 
was as effective as larger doses, that clear- 
ance of P. falciparum usually took place 
within 3 days, and that P. malariae, al- 
though persisting for more than 7 days, 
eventually disappeared too. The effect of 
a single dose, as assessed by parasite den- 
sity indices and the incidence and size of 
palpable spleens, appeared to, persist for a 
month but not 2 months. 

The large number of trials which have 
been carried out in the ensuing years have 
included all the major malarious areas of 
the world and all species and many major 
strains of the parasite. In these endemic 
and hyperendemic areas clearance gener- 
ally has been rapid and well maintained. 
In many instances, important beneficial 
effects on the health and general well-being 
of the treated population have been noted. 
It would be superfluous in a review of this 
character to cite each of these in detail. It 
may be useful, however, to mention a few 
and to cite others only by reference to the 
literature. Miller'®*.1% has carried out ex- 
tensive trials in Liberia. Jaswant Singh’? 
treated the populations of areas in which 
P. vivax was the prevailing parasite with 
weekly doses of pyrimethamine. By the 
tenth week, parasitemia was nil and re- 
mained so for up to 10 weeks after the 
termination of the course, although the test 
was carried out in an area where transmis- 
sion was in active progress initially. Singh 
remarks on the general improvement in 
health, increase in school attendance, “as 
well as incentive to work amongst adult 
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population.” Soberoén y Parra'%? dealt pri- 
marily with recurrent P. vivax infections in 
the states of Tamaulipas and Tabasco, Mex- 
ico. His patients responded rapidly and re- 
mained free of relapse for a 100 day ob- 
servation period. Giblin®’ was impressed 
by the beneficial effects that clearance of 
parasites produced on the health of the na- 
tive population of a valley in New Guinea. 
McGregor and Smith®* used pryrimeth- 
amine prophylactically in infants and small 
children in West Africa and noted the bet- 
ter growth and health of those treated as 
compared with untreated controls. Other 
suppressive trials may be cited.!?-!4-18,19,54 

The most extensive early field trials were 
those of Vincke. These are also possibly the 
most interesting, as they were designed 
from the outset to explore the possible util- 
ity of pyrimethamine in the mass eradica- 
tion of malaria. In the first experiment"? 146 
the inhabitants of two isolated villages 
were treated with weekly doses of 25 mg. 
of pyrimethamine. From time to time 
mosquitoes were caught in the area and 
examined for the presence of sporozoites. 
Nearby villages were sprayed with DDT to 
prevent an influx of infected mosquitoes, 
but DDT was not used in the test villages, 
nor was treatment given in the sprayed 
areas. In those under treatment the parasite 
index fell to zero during the season of trans- 
mission, when an index of over 60 per cent 
would have been expected from previous 
experience. Moreover, the sporozoite index 
in the mosquitoes fell to near-zero levels.* 
After cessation of therapy, parasites did 
not reappear until 2 months later.’ Follow- 


*Three of 2,497 Anopheles funestus were found to 
bear sporozoites but Vincke was inclined to regard these 
parasites as possibly of nonhuman origin, since his col- 
league Lips®* showed that nonhuman Plasmodia may de- 
velop in this species. No sporozoites were found on dissec- 
tion of 882 A. gambiae. 


+During a once-weekly suppressive trial conducted by 
Masseguin and Palinacci’? (French West Africa, P. falci- 
parum, P. malariae), it was noted that an initial sporozoite 
rate of 8 per cent had fallen to zero within 40 days. 
Throughout an additional 6 months of periodic dissection 
no sporozoites were found among 68 A. gambiae and 
200 A. funestus. 
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ing this experiment Vincke®®51/143,147,148 ex. 
panded his trials to a second isolated area 
and eventually to a population of 20,000 
persons in a lakeside region. All these trials 
gave evidence of successful eradication with 
a slow return of parasites after therapy was 
stopped. This return was due to uncon- 
trolled travel into and from still infested 
areas, and also, possibly, to the migration 
of infected mosquitoes. 

In 1957 a mass-therapy experiment was 
initiated by Gabaldon*™5* in Venezuela, 
with two objectives: (1) the elimination of 
active malaria and (2) radical cure of P. 
vivax infections. An intensive campaign of 
insecticide spraying and therapy with chlor- 
oquine had eliminated malaria from a large 
part of Venezuela, but had failed to eradi- 
cate the disease from several interior pro- 
vinces. This persistence was traceable to 
the characteristics of both the vectors and 
the species and strains of parasites involved. 
Inseticide spraying had failed because the 
pricipal vector in the eastern area, Ano- 
pheles aquasalis, had the unfortunate habit 
of resting outdoors after biting instead of 
settling on the sprayed walls of the houses. 
The prevalence of P. vivax in these areas 
also frustrated the attempts at eradication, 
because treatment with conventional schiz- 
onticides (chloroquine) served only to in- 
duce periods of quiescence; relapses usually 
occurred when the insecticides had _ lost 
their effectiveness, and transmission was re- 
established. The areas which Gabaldon 
chose to cover included 111,995 inhabitants, 
living in over 20,000 houses. He put into ef- 
fect a detailed plan whereby each home 
was visited weekly by a drug dispenser who 
personally supervised the taking of the 
medication. Blood films were taken reg- 
ularly by a different person.* Therapy with 
50 mg. per week per adult subject was given 
from July 1 to Dec. 21, 1957. From October 
onward all localities were negative for ma- 


‘larial parasites in spite of an intense search 


°Drug dispensers received bonuses for negative films, 
the checkers were rewarded for positive films. 
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for them. This provided presumptive evi- 
dence for the interruption of transmission; 
however, the catching and dissection of 
mosquitoes was not carried out. The goal 
of complete eradication was not realized, 
moreover. Relapses began to appear in Jan- 
uary, 1958, and by March several hundred 
cases had been founded.** 

It seems likely that radical cure was not 
achieved primarily because of the life his- 
tory of the Venezuelan Plasmodium vivax. 
It will be recalled that Coatney”* achieved 
“suppressive cures” using Chesson strain 
vivax. However, when volunteers with a 
Madagascar strain of vivax were given 
pyrimethamine, 25 mg. once weekly 
throughout weeks 17 and 24 after infection, 
relapse occurred during weeks 32 to 41.°° 
In view of the known mode of action of 
pyrimethamine, i.e., primarily on the divid- 
ing cell nucleus, it seems probable that this 
apparent discrepancy can be resolved on 
the basis of differences in the life histories 
of two strains of parasite.’ The Chesson 
strain is an early-relapsing one in which 
the exoerythrocytic parasites pass through 
rapidly repeating cycles of cell division. On 
the other hand, the Madagascar strain can 
remain latent for 30. to 40 weeks, and in 
the absence of cell division pyrimethamine 
appears to be ineffective. Although the life 
history of the Venezuelan parasite has not 
been worked out definitely, the indications 
are that it is similar to the Madagascar 
strain. At any rate the experiment in Vene- 
zuela is being repeated with an extension 
of the therapy through a full year to cover 
completely the period during which one 
would expect recrudescence of infections 
acquired prior to the institution of therapy.® 


Resistance 


Strains of P. gallinaceum resistant to 
chlorguanide were developed shortly after 
that drug was introduced.*1*' It was soon 
demonstrated that this resistance persisted 
through the sexual phase of the life cycle of 





®A. Gabaldon: Personal communication. 
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the Plasmodium.”:*! In view of the struc- 
tural resemblance between pyrimethamine 
and chlorguanide (or more specifically 
its dihydrotriazine metabolite) the prob- 
lem of resistance to pyrimethamine and 
of cross-resistance between sulfonamide-, 
chlorguanide-, and pyrimethamine-resistant 
plasmodia was attacked very early. Pyrim- 
ethamine-resistant lines of several species, 
P. gallinaceum,* P. berghei, P. cyno- 
molgi,4”” and P. vivax,’* were developed 
and the resistance of the last two was shown 
to be retained after mosquito transmission. 
Some differences of opinion have arisen 
concerning the difficulty of establishing re- 
sistant lines. Rollo’ in the first instance 
found the establishment of a resistant line 
of P. gallinaceum difficult, only a slight 
degree of resistance having been achieved 
after 14 passages. By treating with sub- 
curative doses of the drug and interrupting 
therapy to allow relapse to occur, however, 
Schmidt was able to induce a resistant line 
of P. cynomolgi without great difficulty and 
to show that this characteristic was retained 
on passage through the mosquito. Coatney 
and co-workers"? treated human subjects 
with P. vivax infections, using subcurative 
doses of the drug which were gradually in- 
creased over prolonged periods of time. 
These workers thus developed a strain of 
P. vivax that had at least a 25 fold increase 
in resistance. A number of the subjects were 
inadvertently cured during this regimen 
and Coatney concluded that “the develop- 
ment of resistance . . . is slow and gradual 
and depends on carefully controlled in- 
creases in the amount of drug adminis- 
tered.” He felt that “it appears doubtful if 
resistance will become a serious problem 
under field conditions.”* Hernandez and co- 
workers“ found the resistance to be trans- 
ferable by the mosquito. 

Perhaps one additional point should be 
made without unduly belaboring the issue 
of the ease or difficulty of creating resis- 
tance. In his paper on pyrimethamine re- 


*Schmidt,™® citing a personal communication, supplied 
a description of Coatney’s experiments and conclusions that 
are quite at variance with Coatney’s own. 
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sistance in P. berghei Rollo described a 
technique which produced a resistant line 
in only a few passages. Treatment in single 
doses was given only when the parasitemia 
reached very high levels (40 to 50 per cent 
of the red cells parasitized). After relapse 
the mouse host was treated again and on 
the second relapse the parasite was sub- 
mitted to passage. After two additional pas- 
sages a graded course of drug treatment was 
given®! and a strain with high resistance 
was obtained. The essence of this technique 
appears to be the exposure of large popula- 
tions of parasites to the drug. This makes 
sense if resistance occurs spontaneously at 
a definite rate. A mouse with a full-blown 
parasitemia might contain roughly 10'° par- 
asites. A rate of mutation of 10° would 
sufficiently explain the ease of isolation of 
resistant lines when high parasitemia pre- 
vailed and the difficulty when the number 
of parasites exposed was much lower. This 
point of view is probably directly appli- 
cable to the problem of avoidance of resis- 
tance in mass eradication programs, as 
discussed below. 

The results of cross-resistance tests be- 
tween pyrimethamine-, chlorguanide-, and 
sulfadiazine-resistant strains of plasmodia 
show some points of agreement and other 
points of disagreement among different 
laboratories. Pyrimethamine-resistant strains 
of P. gallinaceum,''* P. knowlesi,!** and P. 
cynomolgi'*> were all sensitive to sulfadia- 
zine and all pyrimethamine-resistant strains 
tested were cross-resistant to chlorgua- 
nide.*4,89,119,137 These observations are con- 
sistent with the view that pyrimethamine 
and chlorguanide act on the same biochem- 
ical locus, which is a later step than that at 
which sulfadiazine acts, though both loci 
are on the same pathway. Chlorguanide-re- 
sistant strains have shown a variable resis- 
tance to pyrimethamine, some being 
sensitive!!*.187 while others were not.1?1°6 
Bishop’ has suggested that resistance to 
chlorguanide is the more stable of the two 
and that some of these lines though once 
resistant to both drugs may have reverted 
to sensitivity to pyrimethamine while pre- 
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serving resistance to chlorguanide. One 
sulfadiazine-resistant strain of P. berghei 
was resistant to pyrimethamine!** while an- 
other was not.®* These inconsistencies sug- 
gest that possibly more than one mechanism 
of resistance may be involved. One such 
mechanism may involve the geometry and 
charge of the cell receptor (apoenzyme), 
which, if altered to avoid one inhibitor, 
might or might not conform to a second. 
Resistance might also arise, however, by the 
utilization of an alternate metabolic path- 
way that would avoid the locus blocked by 
the inhibitor. In such a case all inhibitors 
of a given type would fail. 

The long duration of the effects of pyri- 
methamine in experimental studies and fol- 
lowing mass distribution in the field stimu- 
lated several studies in which the drug was 
given at widely spaced intervals. This was 
perhaps inevitable despite the body of evi- 
dence on drug clearance, resistance, and 
dose-response relationships, which  sug- 
gested that this would provide the condi- 
tions best suited to the development of drug 
resistance. Clyde and Shute? definitely 
demonstrated that resistance can occur. A 
relatively isolated African village of 130 
persons was chosen for their experiment. 
In this village about 65 per cent of the 
population had a patent parasitemia, and 
transmission was intense* and not markedly 
seasonal. Each person was given 100 mg. 
of pyrimethamine (or a_ proportionately 
smaller dose for children) once monthly. 
The parasite rate had been reduced from 
64.3 per cent to 22.6 per cent at the end 
of the first month and to 20.9 per cent at 
the end of the second month, but thereafter 
the rate rose, returning essentially to pre- 
treatment values at the end of the sixth 
month. It was shown in control areas that 
the effective duration of complete suppres- 
sion by pryrimethamine was 14 days. There- 
fore, the 4 week rates at first represented 


‘fresh infections with pyrimethamine-sensi- 





*Estimated to be equivalent to one infective bite per 
person per night. 
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tive parasites, but as time went on an in- 
creasing population of resistant parasites 
was superimposed, until at the end nearly 
the entire parasite population appeared to 
be resistant. After an interval of 10 weeks, 
a trial of pyrimethamine in the test village 
and in two neighboring villages disclosed 
that the proportion of resistant parasites in 
the test area had diminished to about six- 
tenths of the total while remaining at zero 
in the control areas. This suggested that 
under normal conditions the drug-resistant 
strains of parasite were unable to compete 
with the normal strains for maintenance 
and, furthermore, did not spread. The labile 
nature of the resistance in this trial is 
consistent with laboratory experience.’® 

The intensity of transmission obviously 
played an important role in the survival of 
the parasites in Clyde’s experiments. In 
other trials of monthly administration’?! 
the infection rates remained low over ex- 
tended periods.* Nevertheless, a break- 
down in control under these conditions is 
always to be expected. In Clyde’s control 
tests, parasites had reappeared by the 
twenty-first day after drug administration. 
Allowing for a 12 day incubation period, 
this suggests that drug levels had fallen low 
enough to allow reinfection by about the 
ninth day.‘ 

In the presence of a high concentration of 
the vector, the period of patency from the 
twenty-first to the thirtieth day would 
clearly allow a replenishment of the reser- 
voir of the parasites in the mosquitoes. As 
the concentration of mosquitoes diminishes 
this replenishment becomes more subject 
to chance but is likely to occur in time 
whenever the vector concentration is ap- 
preciable. It is futile to attempt to extend 
the duration of adequate blood levels by 





*The somewhat lower effectiveness of the second trial 
and the demonstration of sporozoites in dissected mos- 
quitoes suggest that resistance might have appeared had 
the trial been continued or repeated. 

+The infection could have occurred earlier, with sup- 
pression remaining effective until the twenty-first day, as 
the levels of the drug required for the elimination of 
sporozoites and exoerythrocytic parasites are higher than 
those required for effective action on the blood forms. 
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increasing the dose. As discussed above, the 
time for half clearance of free pyrimeth- 
amine is of the order of 1.5 days. Therefore, 
a fourfold increase in dosage can extend by 
only 3 days the period over which the blood 
concentration of the drug will remain above 
a critical lower limit. The desire of the pub- 
lic health malariologist to increase the in- 
terval between drug distributions thus 
comes into fundamental conflict with the 
hard facts of the pharmacology of the 
drug.* It should be apparent that great 
advantages should be derived from the 
simultaneous reduction of parasite reser- 
voirs in both the human and mosquito 
hosts. 

In one locality, resistance to pyrimeth- 
amine appears to have preceded the intro- 
duction of the drug. Wilson'?:%* had re- 
ported approximately 25 per cent failures 
in the treatment of acute infections with P. 
falciparum in Malaya. Since chlorguanide 
resistance had been demonstrated in this 
area!’® it seemed likely that cross-resistance 
of chlorguanide-resistant strains with pyrim- 
ethamine was the basis of these observa- 
tions. Robertson, Davey, and Fairley"? and 
Jones*® collaborated on a direct test of this 
possibility and showed that a Malayan 
chlorguanide-resistant strain of P.  falci- 
parum was completely cross-resistant to 
pyrimethamine when tested in East Africa.* 
Wilson and Edeson,'** though recognizing 
that practically all Malayan strains have 
had contact with chlorguanide, argued that 
a one-to-one correspondence in resistance to 
the two drugs was not observed. This, how- 
ever, is very similar to the observations with 
nonhuman malarias discussed above, where, 
especially at moderate levels of resistance, 
cross-resistance is somewhat erratic. 


Acute malaria 


The use of pyrimethamine for the ther- 
apy of acute malaria requires specific con- 
sideration. Experimental studies with both 
nonhuman and vivax malaria suggested that 


*Effective blood levels are maintained at least as long 
with pyrimethamine as with any other schizonticide. 
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pyrimethamine would not be a good choice 
for the therapy of acute malaria in the non- 
immune subject. Early studies, such as 
those of Archibald* with subjects possess- 
ing a high degree of premunition, showed 
little difference between pyrimethamine 
and the 4-aminoquinolines in speed of ac- 
tion. McGregor and Smith®® reported simi- 
lar findings with nonimmune subjects, but 
there is otherwise general agreement that 
in the treatment of acute malaria in non- 
immune individuals the action is slower 
than that of chloroquine or amodiaquin and 
that the rate of clearance is relatively in- 
dependent of the dosage.*®1?° McGregor 
and Smith®* and Fairley** showed that ma- 
ture trophozoites approaching schizogony 
were eliminated rapidly by the drug; how- 
ever, young ring forms were unaffected. 
Since synchrony is usually not established 
at once in an acute attack of malaria, many 
of the parasites at any given time will be in 
a relatively insensitive phase and may re- 
quire as long as 36 to 48 hours to reach the 
state of maturity which renders them sus- 
ceptible to the drug. 

A number of general references to the 
properties of pyrimethamine and _ other 
antimalarials may be given.?!:75.26.25.64 


Combinations with other drugs 


A. With sulfonamides. 

1. Malaria. The rationale for the use of 
a combination of pyrimethamine with a 
sulfonamide has been outlined above. As 
the two drugs impose a sequential block of 
a biosynthetic pathway, potentiation was 
expected and was demonstrated experi- 
mentally.*!'® This fact has been applied to 
the therapy of toxoplasmosis, as discussed 
below, but has received only cursory atten- 
tion in antimalarial chemotherapy. Recently 
Hurly** has shown that the minimum effec- 
tive dose of pyrimethamine for clearance of 
P. falciparum and P. malariae is at least 
tenfold smaller in the presence of sulfadia- 


®Greenberg® had shown potentiation in combinations of 
sulfonamides with chlorguanide and some of the prede- 
cessors of pyrimethamine at an early date. 
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zine than in its absence, although sulfa- 
diazine alone in high doses was unable to 
effect clearance. In absolute amounts, single 
doses of pyrimethamine at the rate of 0.01 
mg. per kilogram, given together with 0.25 
Gm. (per person ) of sulfadiazine, were ade- 
quate in these preimmunized subjects. An 
increase of potency per se may not be im- 
portant with a drug as potent as pyrimeth- 
amine; however, experience with this com- 
bination of drugs in toxoplasmosis has 
shown the combination to be curative 
though neither of the components alone 
can effect cures. The full therapeutic po- 
tential of pyrimethamine against malaria 
will not be known until its combination 
with a sulfonamide has been explored in 
all the various aspects of malarial therapy. 

2. Toxoplasmosis. The activity of pyri- 
methamine against plasmodia prompted its 
testing in infections with related protozoa. 
Toxoplasma gondii infections in mice were 
found responsive.‘**%136 As this micro- 
organism also shows some response to sul- 
fonamides, the combination of pyrimeth- 
amine and a sulfonamide was soon tested 
and found to give curative results superior 
to those attainable with either drug alone.*® 
A regimen of pyrimethamine and sulfadiaz- 
ine appears to be the therapy of choice 
in the treatment of toxoplasmosis in 
man, ?7:44,54,118, 130,141,149 As therapy with 
maximum tolerated doses is often desired 
in toxoplasmosis, investigators explored the 
possibility of preserving therapeutic effect 
while diminishing toxicity to the host 
through the concomitant administration of 
citrovorum factor.®? Toxoplasma, like plas- 
modia, apparently cannot incorporate pre- 
formed citrovorum factor. The therapeutic 
effect of pyrimethamine is thus unaffected 
by the presence of citrovorum factor while 
the toxicity to the host is overcome by 
the bypass of the biochemical reaction 
blocked by pyrimethamine®* (Fig. 2). 


‘Hurly®* has shown that folic and folinic 


acids do not inhibit the antimalarial effects 
of pyrimethamine in man. 

3. Coccidiosis. The cause of coccidiosis in 
poultry; Eimeria tenella, is another proto- 
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zoan which is related to the Plasmodium 
and which responds similarly to pyrimeth- 
amine.®*!:°7 Here again the drug is most 
effective when used with a sulfonamide. 

B. With other antimalarial drugs. 

1. Chloroquine or amodiaquin. The op- 
timal antimalarial program will employ sev- 
eral antimalarial drugs, each selected for a 
specific purpose. Thus, in mass therapy or 
in an eradication program, a preliminary 
“clean out” with a fast-acting schizonticide 
such as cloroquine followed by regular sup- 
pressive dosage with pyrimethamine would 
appear to take maximal advantage of the 
properties of both drugs. Similarly, after 
therapy with chloroquine, pyrimethamine 
should be instituted to prevent the “cured” 
subject from becoming a reservoir for the 
dissemination of the infection. There ap- 
pear to be no other advantages in this com- 
bination, however, and there is nothing to 
suggest that its use can extend the effective 
duration of action. 

2. Primaquine. Primaquine, an 8-amino- 
quinoline derivative, is useful primarily for 
its effects on the tissue forms of Plasmodium 
vivax.** In the usual 14 daily doses it may 
give rise to a toxic hemolysis that is par- 
ticularly troublesome in members of the 
Negro race. For this reason, other therapeu- 
tic regimens and combinations with other 
drugs for possible enhanced effects are 
being explored. It seemed probable that 
some therapeutic advantage might derive 
from a pyrimethamine-primaquine combi- 
nation, since pyrimethamine acts primarily 
on cells which are undergoing division, 
while primaquine acts on the latent, quies- 
cent cell. In early experiments Schmidt'’® 
showed that pyrimethamine did not inter- 
fere with the curative effects of primaquine 
on P. cynomolgi, but these experiments 
were not designed to test a possible syner- 
gism. Soberén y Parra,'** however, found 
that a combination of pyrimethamine and 
primaquine caused “unprecedented delays 
in relapse” of Plasmodium relictum in pi- 
geons, effects which could not be duplicated 
by either drug alone or by chloroquine 
alone or in combination with primaquine. 
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A preliminary account of a study of the 
effects of the combination of pyrimetha- 
mine and primaquine in P. vivax infection 
in man has been given‘; however, the un- 
fortunate death of the senior author inter- 
rupted the work in a preliminary stage. 
More recently Alving* has been exploring 
the effects of weekly doses of pyrimetha- 
mine-primaquine combinations, and has ob- 
tained radical cures of P. vivax at levels 
which are free from all side effects. 


Conclusions 


Pyrimethamine is free of side effects and 
is an effective malarial suppressant for all 
species of plasmodium when given in 
weekly doses of 25 to 50 mg. per adult 
subject. Where mass therapy can be em- 
ployed and Plasmodium falciparum is the 
prinicpal infective agent, eradication of ma- 
laria appears to result within a few weeks. 
The action of pyrimethamine on pre-eryth- 
rocytic parasites and its effect on the 
plasmodial gametocytes both contribute to 
this result. Pyrimethamine also effectively 
arrests the sporogony of P. vivax, and has 
some action on the pre-erythrocytic and 
latent tissue forms of this species, but suc- 
cessful radical cure of this infection appears 
to occur only when therapy coincides with 
periods of recrudescence of the infection, 
and possibly with a limited challenge. The 
concomitant administration of primaquine 
appears to produce effects on the exoeryth- 
rocytic forms of plasmodia superior to 
those obtainable with either drug alone. 
Field trials of this combination that are 
currently in progress may lead to the form- 
ulation of a more effective agent for the 
mass eradication of vivax malaria. Py- 
rimethamine is potentiated by sulfonamides 
in its action on toxoplasmosis, coccidiosis, 
and malaria, but the effectiveness of this 
combination on exoerythrocytic plasmodia 
has not yet been investigated. 

Pyrimethamine has a half-life in the body 
of about 1.5 days; as a consequence it is 
not possible to extend the action of the 


*A. Alving: Personal communication. 
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drug to monthly periods and in areas of 
high transmission once monthly administra- 
tion may permit the emergence of drug- 
resistant parasites. 

Pyrimethamine is an _ antimetabolite 
which produces a specific inhibition of folic 
acid reductase. As a result pyrimethamine 
may produce symptoms of folic acid de- 
ficiency in a variety of species if given in 
sufficiently high dosage at sufficiently fre- 
quent intervals. In man this deficiency ap- 
pears at dosage levels approximating 25 to 
100 mg. daily over extended periods. This 
fact is the basis for the use of pyrimeth- 
amine in the control of polycythemia vera. 
In man, but not in the protozoa, the anti- 
folic acid effects may be overcome or pre- 
vented by the simultaneous administration 
of folic acid or citrovorum factor. 
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Postoperative nausea and vomiting. V. 


Antiemetic efficacy of trimethobenzamide 


and perphenazine 


A double blind study was carried out to evaluate the efficacy of trimethobenzamide 


and perphenazine in the prophylactic treatment of postoperative nausea and 


vomiting. The incidence of nausea and vomiting following a placebo was 14.2 per 


cent, while following trimethobenzamide it was 12.1 per cent and following 


perphenazine it was 6.5 per cent. 


Perphenazine had a noticeable sedative effect 


but trimethobenzamide did not. Neither perphenazine nor trimethobenzamide was 


followed by significantly more hypotension than that seen following placebo. 


J. Weldon Bellville, M.D.,* Irwin D. J. Bross, Ph.D.,* * and 
William S. Howland, M.D. New York, N. Y. 


Department of Anesthesiology, Memorial Center for Cancer and Allied Diseases 


Many compounds have been found to 
have antiemetic properties. Often clinical 
studies of these compounds compare the 
test agent to a placebo and, if a statistically 
significant reduction in the incidence of 
nausea and vomiting is found, this is taken 
as a measure of the drug’s efficacy. In ac- 
tual practice, the clinician wishes to em- 
ploy the most effective antiemetic, so that 
comparisons among two or more drugs 
have more practical value than simple com- 
parisons with a placebo. In addition to de- 
termining the effect of a given drug on the 
incidence of nausea and vomiting, informa- 
tion on reduction in severity of these symp- 
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toms and on side effects such as hypoten- 
sion or sedation may be helpful. In Jan- 
uary, 1958, we? set up a controlled study 
of antiemetic compounds at Memorial Cen- 
ter using a method whereby the effect of 
antiemetic compounds on incidence as well 
as severity of postoperative nausea- and 
vomiting could be evaluated. This report is 
concerned with the efficacy of trimetho- 
benzamide* and perphenazine.* 


Method 


The method used has been described in 
detail in a previous report.” It consisted, in 
essence, of a balanced, double blind, ran- 
domized study in which all the drugs were 
administered as unknowns to both the nurse 
observer and the patient. Patients were se- 


*Supplied as Tigan by Hoffman-LaRoche, Inc. 
Supplied as Trilafon by the Schering Corporation. 
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lected from among those whose surgeons 
had given permission for prophylactic 
medications against postoperative nausea 
and vomiting. They were further selected 
in that those below 14 years of age and 
those who had had complications during 
the anesthesia or operation were excluded. 
The influence of variables such as anesthetic 
agent and intra- or extraabdominal surgery 
was controlled by placing the patients in 
one of six categories depending on the type 
of anesthetic and the location of the opera- 
tion. Randomization of the order of drug 
administration within these six categories 
was an essential feature to balance out 
variables otherwise uncontrolled in the ex- 
perimental design. A full-time nurse ob- 
server administered the coded 1 ml. test 
medication intramuscularly upon the pa- 
tient’s arrival in the recovery room and ob- 
served him every half hour for 2% hours, 
scoring the nausea or vomiting as: no nau- 
sea, nausea, retching, or vomiting. This in- 
formation was entered on a study card 
along with information pertinent to the 
patient’s medical history, anesthesia, opera- 
tion, and postoperative course. Later the 
data on these forms were transferred to 
IBM punch cards. In this study, which rep- 
resents the third group of drugs investi- 
gated, patients received either 100 or 200 
mg. of trimethobenzamide or 2.5 or 5 mg. 
of perphenazine or a placebo. Studied at 
the same time was a control group of pa- 
tients who met all the criteria of patients 
receiving medication except that permis- 
sion for prophylaxis against nausea and 
vomiting was not requested of their 
surgeons. 


Results 


In this study, 1,055 patients were studied. 
Of these, 154 received 100 mg. trimethoben- 
zamide, 150 received 200 mg. trimetho- 
benzamide, 123 received 2.5 mg. perphena- 
' zine, 122 received 5 mg. perphenazine, 162 
received a placebo, and 344 controls re- 
ceived nothing. The incidence of nausea 
and vomiting among the placebo group 
was 14.2 per cent and among the control 
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group was 14.0 per cent. Trimethobenza- 
mide and perphenazine reduced the inci- 
dence of nausea and vomiting. Of these, 
perphenazine was the more effective, the 
incidence following 2.5 mg. being 6.5 per 
cent and following 5 mg., 6.6 per cent. 
Trimethobenzamide was followed by an in- 
cidence of 12.3 and 12.0 per cent for the 
100 and 200 mg. doses, respectively (Fig. 
1). Since there is no significant difference 
between the upper and lower doses of the 
compounds studied, they were considered 
as one group for purposes of statistical 
comparison. 

The per cent of awake patients nau- 
seated at any one observation period was 
also analyzed. For the placebo group it 
increased almost linearly up to 2% hours. 
The initial observation period reflects 


chance variation and does not reflect drug 
effect. Trimethobenzamide reduced the in- 
cidence of nausea, but perphenazine was 
even more effective (Fig. 2). 

Similarly, the per cent of patients who 


were vomiting at any observation period 
was plotted (Fig. 3). Again, the initial 
observation period does not reflect drug 
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Fig. 1. Incidence of postoperative nausea and 
vomiting. Median line indicates average value and 
cross-hatched bar denotes 95 per cent confidence 
limits. 
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effect. In the placebo group it reached a 
peak at one hour. Trimethobenzamide 
reduced the incidence of vomiting but was 
not as effective as perphenazine. 
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Fig. 2. Per cent of awake patients reporting nau- 
sea at any one observation period plotted against 
time. 


The effect of these compounds on sever- 
ity of postoperative nausea and emesis was 
determined. The “score” for each patient 
who became ill was arrived at by grading 
postoperative sickness: 0 for no nausea, 1 
for nausea, 2 for retching, and 3 for vomit- 
ing, at each of the five postdrug periods. 
This scale which could extend from 1 to 15 
was transformed by the ridit method?:* into 
a scale having a meaning in terms of proba- 
bilities. The average ridit value for the ref- 
erence group (the combined placebo group 
from this study and Study I) was 0.500 (a 
“score” of about 3.4). A value higher than 
0.500 indicates increased severity, i.e., the 
patient is sicker than the average patient in 
the placebo group, and a value less than 
0.500 indicates decreased severity (Fig. 4). 
The ridit scores obtained with trimetho- 
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benzamide 100 and 200 mg. were 0.496 + 
0.132 and 0.576 + 0.136, respectively. Fol- 
lowing 2.5 and 5 mg. perphenazine the ridit 
values were 0.456 + 0.204 and 0.377 + 
0.204, respectively. The placebo group- in 
this study had a ridit value of 0.413 + 
0.120. 

The effects of these compounds on post- 
anesthetic sleeping time were analyzed 
(Fig. 5). Perphenazine had an apparent 
sedative effect evident at the 1 and 1% 
hour observation periods, while trimetho- 
benzamide was not significantly different 
from placebo. 

Hypotensive effects were also evaluated. 
The patients’ blood pressure response dur- 
ing the first 2% hours in the recovery room 
was entered on the IBM card, and when 
these data were tabulated no significant 
hypotensive effect was noted for trimetho- 
benzamide or perphenazine in the doses 
studied (Table I). 


Discussion 


The incidence of nausea and vomiting 
among the placebo group in Study I? was 
18.4 per cent while in the placebo group of 
this series it was 14.1 per cent. Although 
these differences are not large, they should 
be appreciated before the total results are 
considered. This difference between the 
two placebo groups is not statistically sig- 
nificant but it may well be real, since the 
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Fig. 3. Per cent of patients vomiting at any one 
observation period plotted against time. 
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Severity of Nausea and Vomiting Based on "Score" 
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Fig. 4. Severity of nausea and vomiting for the 
various regimens. A ridit value greater than 0.5 
indicates that the patients are sicker than the 
average patient in the combined placebo group, 
while a number smaller than 0.5 indicates that they 
are less sick. The median line represents the aver- 
age value and the cross-hatched bar denotes the 
95 per cent confidence limits. 


incidence in the control group also de- 
creased from 19.4 per cent in Study I to 
14.0 per cent in this study. If this decrease 
is real and not due to chance variation, it 
may be attributed to a change in the pa- 
tient population or a change in anesthetic 
management. 
There is a higher incidence of nausea 
and vomiting among obese patients.’ In 
this study about 5 per cent of the patients 
were obese, whereas formerly it was about 
18 per cent (Table II). Cyclopropane anes- 
thesia is followed by a higher incidence of 
nausea and vomiting than is ether or thio- 
pental.’ In this series cyclopropane was 
used less frequently than in our previous 
studies (Table II). Thus, there are some 
‘known differences in population as well as 
anesthetic management which could be re- 
lated to the lower incidence of nausea and 
vomiting in the present placebo and con- 
trol groups. For this reason, it is necessary 
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to include a reference medication if com- 
parisons between studies are to be valid. 

In this study we were unable to show a 
statistically significant difference between 
the incidence of nausea and vomiting fol- 
lowing placebo and following trimetho- 
benzamide. However, even though this dif- 
ference is not statistically significant, it 
could also be real. Abrams and co-workers! 
used trimethobenzamide in 54 patients sub- 
ject to nausea and vomiting from various 
causes and found it to be significantly bet- 
ter than a placebo. The method we used 
may not be sensitive enough to detect the 
protection that trimethobenzamide affords, 
or trimethobenzamide may not be as effec- 
tive in treating postoperative nausea and 
vomiting. However, if the first placebo 
group and the placebo group from this 
study are considered together, then their 
combined incidence is 17 per cent, which 
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Fig. 5. The per cent of patients asleep .at each of 
the half hourly observation periods. 
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Table I. Blood pressure in recovery room (percentage of patients in each category) 
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Trimethobenzamide Perphenazine 
Determination Placebo 
100 mg. | 200 mg. 2.5 mg. | 5.0 mg. 
Total No. of patients 162 154 150 123 122 
Per cent stable 66.7 59.7 68.7 63.7 61.5 
Hypotension >30 mm. Hg 13.6 16.9 12.0 12.9 13.1 
(1% hour to 1 hour) (12.3) (11.0) (8.0) (9.7) (11.5) 
(after 1 hour) (1.3) (5.9) (4.0) (3.2) (1.6) 
Hypotension < 30 mm. Hg 30.9 33.1 26.7 33.9 35.2 
9.9 8.4 5.3 4.8 2.9 


Table II. Percentage distribution of certain variables among patients treated with drugs 


Placebo 


Variable 
Study I 


Total No. 
Habitus 
Obese 18.1 
“Normal” 76.7 
Thin 3.1 
Primary agent 
Ether 27.8 
Cyclopropane 21.7 
Thiopental + nitrous oxide 49.9 
Premedication 
Morphine 18.7 
Meperidine 79.1 
Barbiturate 67.1 
Scopolamine 90.0 
Atropine 10.1 
Intubated 45.6 
Female 70.1 
White 98.2 
Average age (years) 48.5 
66.3 


4.3 3.3 5.3 3.2 4.9 
87.1 90.9 90.7 92.7 90.2 
8.6 3.9 4.0 4.0 4.9 
30.9 29.9 31.3 29.0 30.3 
17.3 15.6 15.3 15.3 16.4 
48.8 49.3 50.0 50.8 47.5 
8.6 7.1 10.0 6.5 4.1 
91.4 90.9 88.0 92.7 94.3 
43.8 39.6 44.0 43.5 51.6 
95.7 93.5 94.0 93.5 92.6 
3.1 4.5 4.7 5.6 6.6 
48.4 45.1 47.6 48.7 44.6 
62.3 71.4 64.7 70.9 67.2 
96.3 98.7 98.7 97.6 97.5 
51.6 49.1 50.8 51.3 50.7 
66.7 63.4 64.4 64.3 66.1 


This study 
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is significantly higher than that seen after 
trimethobenzamide (Fig. 1). On the other 
hand, if a larger population or cross-over 
data were obtained, a statistically signifi- 
cant difference might be demonstrated. It 
could also be argued that the dose of 
trimethobenzamide was too small. We con- 
sidered studying this compound at the 400 
mg. dose level. However, 400 mg. in 1 ml. 
is hypertonic and a 2 ml. dose could not be 
easily incorporated into this double blind 
study. 

The phenothiazine, perphenazine, was 
significantly better than either the placebo 
or trimethobenzamide. Moore and his asso- 





ciates’ also found perphenazine effective in 
reducing the vomiting from 18 per cent fol- 
lowing a placebo to 6.25 per cent following 
3.75 mg. of the agent. The incidence of 
nausea and vomiting was reduced from 48 
per cent in the placebo group to 25 per 
cent following perphenazine in the study 
of Phillips and collaborators.® 

The data obtained in this study with 
trimethobenzamide and perphenazine are 
somewhat reminiscent of the data obtained 
with cyclizine and triflupromazine in our 
first study.® In this study, the phenothiazine 
compound, perphenazine, was more effec- 
tive than the benzamide, trimethobenza- 
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mide, and in our first study the phenothia- 
zine compound, triflupromazine, was also 
more effective than the piperazine, cycli- 
zine. Therefore, in both studies, the pheno- 
thiazine compounds were followed by a 
similar incidence of nausea and vomiting, 
5 to 6 per cent, while the other antiemetic 
compounds were followed by an incidence 
of about 11 to 12 per cent. Similarly paral- 
lel results were obtained when the effect 
on severity was analyzed (Fig. 4). In the 
first study, as the dose of triflupromazine 
was increased the ridit value decreased 
and, similarly, as the dose of perphenazine 
was increased in this study the ridit value 
decreased but the change was not signifi- 
cant. Conversely, cyclizine and trimetho- 
benzamide were followed by a slightly 
higher ridit value than that obtained in the 
placebo group. These values based on the 
small number of patients who became ill 
are not statistically significant because of 
the wide confidence limits. A trend is sug- 
gested, however, in that the phenothia- 
zines appear to decrease the severity as 
well as the incidence of nausea and vomit- 
ing. This decrease in severity appears to 
have a dose response relationship, for in 
both studies as the dose was increased the 
severity decreased. The other antiemetics, 
cyclizine and trimethobenzamide, appear 
to prevent sickness only in those patients 
who ordinarily would be slightly ill, so that 
those who would be moderately or severely 
ill remain unaffected and the ridit value is 
higher. 

That perphenazine has a sedative effect 
can be seen when the per cent of patients 
asleep at each observation period is ana- 
lyzed (Fig. 5). This was not unexpected 
and is in agreement with the finding of 
Phillips.’ We have found other phenothia- 
zines such as triflupromazine and prome- 
thazine to have sedative effects; however, 
fluphenazine has no significant sedative ef- 
‘ fect.t No sedative effect was noted with tri- 
methobenzamide, and this observation is in 
agreement with the work of Abrams! as 
well as that of Schallek.® 

Neither trimethobenzamide nor perphen- 
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azine in the doses studied produced hypo- 
tension to a significantly greater degree 
than that seen following a placebo (Table 
I). Abrams! in his evaluation of trimetho- 
benzamide in human beings also did not 
report hypotensive effects. However, Schal- 
lek® noted a fleeting hypotensive effect with 
trimethobenzamide in dogs at 4 mg. per 
kilogram, which was not as prolonged as 
that produced by 1 mg. per kilogram of 
chlorpromazine. Moore and _ co-workers’ 
evaluated side effects but did not report 
hypotension following perphenazine. It may 
be that our method is not sensitive enough 
to detect the hypotension that is produced 
by these agents. However, we believe that 
hypotension not detected by these criteria 
is not clinically significant. 


Conclusions 


1. The incidence of postoperative nausea 
and vomiting after prophylactic treatment 
with perphenazine was 6.5 per cent while 
following trimethobenzamide it was 12.1 
per cent, and following placebo it was 14.2 
per cent. 

2. Perphenazine noticeably prolonged the 
postanesthetic sleeping time but trimetho- 
benzamide did not. 

3. Neither perphenazine nor trimetho- 
benzamide was followed by more hypoten- 
sion than was seen following placebo. 

We are grateful to our nurse observer, Miss 


Prenella Roberts, who gathered the data reported 
in this study. 
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Physics and chemistry deal with what is; biology with what has 
become. In biology one is never far from history; and each living organism 
carries fragments of this history with it. . . . 
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The fate of atropine in man 


Two men were injected intramuscularly with a single 2 mg. dose of atropine in which only 


the alpha-carbon atom of the tropic acid portion was labeled with C14. Between 


85 and 88 per cent of the radioactivity was excreted in the urine within the first 24 hours. 


No activity was found in expired air, and only a trace could be extracted from feces. 


About half of the dose appeared in the urine as intact atropine. More than a third was 


excreted as unknown metabolites, which appeared to be esters of tropic acid; 


less than 2 per cent appeared as free tropic acid. None of the metabolites could be equated 


with those described previously in rat and mouse urine. Neither hydroxylation of the 


aromatic ring nor glucuronide formation could be demonstrated. 


According to this study, man does not degrade atropine as extensively as the 


rat or mouse; the ester bond is largely preserved; most if not all modifications in the 


molecule occur in the tropine moiety. 


R. E. Gosselin, M.D., Ph.D., J. D. Gabourel, Ph.D.,* and J. H. Wills, Ph.D. 
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The distribution and metabolic degrada- 
tion of atropine has been studied in the 
mouse,2*> the rat, kitten, and guinea 
pig,® and the dog.'! A scheme for the de- 
toxication of atropine in the mouse and rat 
has been presented by Gabourel and Gos- 
selin,t and there are available some data 
about the excretion products in the guinea 
pig and kitten. The only published in- 
formation about the metabolic fate of 


A preliminary abstract has been published (J. Phar- 
macol. & Exper. Therap. 122:26A, 1958). 
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this alkaloid in man’® concerns the fraction 
of an injected dose that is found in the 
urine in a biologically active form. 

The apparent similarity in the excretion 
products derived from atropine in mouse, 
rat, cat, and guinea pig led us to believe 
that the detoxication scheme in man may 
be similar. Since only a few milligrams of 
radiocarbon-labeled atropine were avail- 
able, observations at Rochester were re- 
stricted to a single subject. Subsequently, 
one of us was able to administer the labeled 
drug to another subject at the Army Chem- 
ical Center. In spite of the limited charac- 
ter of these observations, it is now appar- 
ent that man does not degrade the atropine 
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molecule as extensively as does the rodent 
and that the labeled excretion products 
are considerably different from those found 
in laboratory mammals studied previously. 


Methods and materials 


The source of radioatropine and its chem- 
cal and radiologic purity have been de- 
scribed previously.’ In summary, this syn- 
thetic material is labeled with C'* in the 
alpha position of the tropic acid portion of 
the molecule. As administered, the material 
consists of a single labeled component ac- 
cording to chromatographic evidence (R, 
identical to an unlabeled atropine sulfate 
standard ). It was injected as a sterile solu- 
tion of the citrate salt at a pH of 4.5. 

The urine of one subject (G. C.) was 
collected from an indwelling Foley cath- 
eter and analyzed as described previously.‘ 
In preparation for analysis, 2 ml. aliquots 
of fresh urine were concentrated to 0.1 ml. 
by evaporation in a stream of dry air at 
room temperature. Absolute methanol (0.4 
ml.) was then added to the concentrated 
urinary sediment, the resulting mixture 
shaken vigorously and centrifuged. The 
liquid phase was removed and spotted on 
paper for chromatography.* The meth- 
anol extraction procedure was necessary to 
obtain from late urine specimens sufficient 
radioactivity for analysis. 

Alcoholic extracts of urine were also sub- 
jected to various types of hydrolysis as 
noted in the text. All samples thus prepared 
were subjected to one-dimensional chro- 
matography by use of a solvent made by 
mixing 344 ml. of n-butanol, 56 ml. glacial 
acetic acid, and 130 ml. water. Paper 
chromatograms were scanned for C" ac- 
tivity by a gas flow counter? with a micro- 
mil window. During the first 6 hours, four 
specimens of expired air were collected in 
Douglas bags; the CO, was precipitated as 


*The methanol extract of the 4 hour urine specimen 
(see Fig. 2) and the unextracted urine were shown to con- 
tain all of the same labeled components in the same rela- 
tive amounts. 


tNuclear-Chicago Corporation model D-47. 
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barium carbonate, which was assayed for 
radioactivity under a thin-window Geiger- 
Mueller counter. Fecal samples were ex- 
tracted by refluxing with hot methanol; the 
filtrates were evaporated to dryness in 
aluminum planchettes and assayed for 
radioactivity. 

Urine specimens from a subject (M. H.) 
at the Army Chemical Center were shell 
frozen and lyophilized. These lyophilized 
samples were extracted with 95 per cent 
ethanol. In other aspects the analytic pro- 
cedures did not differ significantly from 
those described above. 


Experimental subjects 


G. C. was a 73-year-old white widower who 
weighed 67.5 Kg. He was admitted to the 
Strong Memorial Hospital for pulmonary em- 
physema and acute urinary retention with 
overflow incontinence caused by benign pros- 
tatic hypertrophy. 

The selection of this patient as a voluntary 
subject for an injection of labeled atropine 
hinged on the demonstration that he had no — 
metabolic disease and that the liver and kid- 
ney functions were good. Two days before he 
received the experimental injection of atro- 
pine, the following blood values were reported 
in conventional units: serum protein 6.7, albu- 
min 4.1, globulin 2.6, cholesterol 233, choles- 
terol esters 132, cephalin flocculation 0, icterus 
index 6, alkaline phosphatase 5.0. The liver 
was judged to be palpable only because of a 
low position of the diaphragm. Although an 
intravenous pyelogram revealed slight dilata- 
tion of the calycine structures in the right kid- 
ney, indicating the possibility of chronic infec- 
tion, renal function appeared to be good be- 
cause after surgical relief of the urinary ob- 
struction, the patient excreted 75 per cent of 
an intravenous injection of phenolsulfonphtha- 
lein in 1 hour and 95 per cent in 2 hours. The 
blood nonprotein nitrogen and urea levels were 
consistently within normal limits, but mild al- 
buminuria persisted. 

On the sixth day in the hospital, bilateral 
vasectomy and suprapubic prostatectomy were 
performed under spinal anesthesia after intra- 
muscular premedication with sodium pento- 
barbital and atropine sulfate. The patient’s 
operative and postoperative courses were un- 
remarkable. On the nineteenth day postopera- 
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tively all medications were discontinued, and 
on the evening of the twentieth day after the 
operation the intake of fluids was restricted to 
400 ml. for a 12 hour period. The next morn- 
ing the patient received by deep injection into 
the deltoid muscle 1.05 ml. of a sterile solution 
containing 2 mg. of C!4-atropine (10 yc) as 
the citrate salt. 

As directed, G. C. spent the next several 
-hours in bed. He appeared to be drowsy, but 
no complaints could be elicited except for dry- 
ness of the mouth. A mild and transient tachy- 
cardia (from 78 to 94 beats per minute in 30 
minutes) was detected. Two and a half hours 
after injection he consumed a light lunch with- 
out complaint. Urine was collected continu- 
ously over a period of 48 hours as ten 
consecutive specimens. No attempt was made 
to flush the urinary bladder or to correct for 
deadspace within the indwelling Foley cath- 
eter. Four samples of expired air were col- 
lected during the first 6 hours. Three stool 
specimens passed during the first 72 hours 
after the atropine injection were combined 
and processed for analysis. 


M. H. was a healthy 45-year-old male at the 
Army Chemical Center. During the course of 
the experiment he followed his usual routine of 
light work. After emptying the bladder, he 
was given by intramuscular injection into the 
right thigh (quadriceps femoris) 2 mg. of the 
same labeled atropine in a volume of 1 ml. 
Within 15 minutes he complained of a dry 
mouth, and from 0.5 to 1.5 hours after the in- 
jection he claimed to be slightly confused. 
Dryness of the mouth persisted for about 6 
hours. After 2 hours, he consumed a light 
lunch. M. H. voided as completely as possible 
at approximately 2 hour intervals during the 
course of the day; these specimens consisted 


of 40 to 85 ml. each. 


Results 


Fig. 1 shows the cumulative urinary ex- 
cretion of radiocarbon after the intramuscu- 
lar dose of labeled atropine in subject G. 
.C. The urine excreted during the first 4 
hours contained half of the injected dose 
of C4; in 48 hours, 88 per cent was re- 
covered in the urine. The pooled samples 
of feces accounted for less than 0.5 per 
cent. No C#O, was detected in expired 
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air at any time. A latency of almost 30 
minutes before the appearance of activity 
in the urine may have been an artefact 
caused by deadspace in the indwelling 
catheter. On the other hand, uncatheterized 
subject M. H. excreted the carbon label 
even more slowly than did patient G. C., 
so that only 18 per cent appeared in 4 
hours and 36 per cent in 8 hours; by 24 
hours, however, the cumulative excretion 
reached 85 per cent of the injected dose, 
precisely matching that of the first subject. 
Fig. 2 summarizes an analysis of one- 
dimensional radiochromatograms of ex- 
tracted urine passed by subject G. C. ap- 
proximately 4 hours after the injection of 
labeled atropine. The chief component in 
the chromatogram is a peak with an R, 
value of 0.86, which is identical with that 
of an authentic sample of unmodified atro- 
pine. A small peak at R, 0.94 coincides 
with authentic samples of C'*—-tropic acid. 
The urine specimen also possesses a well- 
defined peak with an R, of 0.63. Except 
for a peak at R, 0.55, the trail of radioac- 
tivity below R, 0.63 had an inconstant 
shape, and the number of components can- 
not be counted with certainty. Several 
urine samples from M. H. also showed 
minor peaks at R, values below 0.63. 


cl4 EXCRETED (PERCENT OF DOSE) 


TIME IN HOURS 


5 6 7 8"10 15 20253040 


Fig. 1. The cumulative urinary excretion of C™ 
after an intramuscular injection of 2 mg. «-C14- 
atropine in human subject G. C. Times beyond 10 
hours are depicted on a logarithmic scale for 
economy of space. 
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Fig. 2. One-dimensional radiochromatograms of 
extracted urine (subject G. C.) formed between 
1.5 and 4 hours after an intramuscular injection of 
C*-atropine. A, The chromatogram depicts an ex- 
tract of urine as voided (cpm = counts per min- 
ute). B and C, The tracings represent the same 
extract after alkaline hydrolysis and after incuba- 
tion with f-glucuronidase, respectively. 


Bladder urine obtained between 1.5 and 
4 hours after the injection of C'*-atropine 
was extracted with methanol; the extract 
was evaporated to dryness and the solutes 
were redissolved in 0.043M potassium phos- 
phate buffer at pH 7 containing bacterial 
8-glucuronidase* (final concentration 500 
units per ml.). The mixture was incubated 
at 37° C. for 24 hours and then spotted onto 
paper strips for chromatography. The 
lower chromatogram in Fig. 2 demonstrates 
that urinary components R, 0.63, 0.86, and 
0.94 were unaffected by this enzyme. The 
material which streaked in the chromato- 
gram of untreated urine (Fig. 2, A) ap- 
pears to have disappeared after treatment 
with glucuronidase, but there is no as- 
surance that this is a significant effect and 
it was not observed with the urine of M. H. 

Both the relative and absolute amounts 
of radioactivity in the various chromato- 


*Sigma Chemical Co. 
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graphic fractions of urine varied progres- 
sively during the course of the experiment. 
Fig. 3 shows the radioactivity in the sev- 
eral labeled components of the urine of 
G. C., expressed as percentages of the total 
activity in each specimen, as seen at vari- 
ous times after administration of the drug. 
These percentages were estimated by ex- 
trapolating the contour of each peak in the 
urine chromatogram to the base line and 
then measuring the area under each portion 
of the curve by the use of a polar planim- 
eter. Only the first five urine specimens 
were so analyzed. It is apparent that the 
proportion of activity excreted as un- 
changed atropine (R, 0.86) fell progres- 
sively, reaching a level of about 50 per 
cent. Contemporaneously, the relative 
amount of component R, 0.63 rose to a 
peak of about 25 per cent. Ultimately, the 
amount of activity in peak R, 0.63 was ex- 
ceeded by the sum of all the minor urinary 
components, all but one of which (R, 0.94) 
possessed R, values below 0.63. 


The chemical identity of urinary com- 
ponent R, 0.63 is not known. The ester 
linkage of the original atropine molecule 
is probably intact in all labeled excretory 
products with R,’s of 0.63 and less, because 
tropic acid and related aromatic acids run 
consistently near the solvent front in this 
system of chromatography. Presumably, 
component R, 0.63 is an ester of tropic acid 
in which the tropine portion of the mole- 
cule has been modified in some unkown 
manner. This provisional conclusion is 
based on the observation that this sub- 
stance and most, if not all, of the streaked 
material below it on the chromatogram 
were converted by alkaline hydrolysis 
(0.5M NaOH at 95° C. for 2 hours) to a 
symmetrical peak with an R, of 0.94, coin- 
ciding with the tropic acid standard (see 
Fig. 2, A and B). Component R, 0.63 was 
not tested for biologic activity. It was cer- 
tainly not a glucuronide (Fig 2). Unlike 
unmodified atropine it did not appear to be 
cationic in solutions buffered at pH 5, since 
it was not retained by a column of a cat- 
ion exchange resin (Amberlite XE-64) 
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Fig. 3. The radioactivity in the several labeled 
components of the urine of G. C., expressed as 
percentages of the total activity in each specimen, 
as seen at various times after an intramuscular in- 
jection of C**-atropine. 


which was pre-equilibrated and eluted 
with an 0.01M ammonium acetate-acetic 
acid buffer at pH 5. Furthermore, this sub- 
stance could not be extracted into chloro- 
form from aqueous solutions rendered alka- 
line (pH 11) by the addition of NH,OH. 
In these respects it differed from samples 
of authentic atropine. 


Discussion 


Since comparable data on the metabolic 
fate of atropine in man do not exist, it is 
instructive to compare the present results 
with earlier observations on laboratory 
mammals,® particularly mice and rats. First, 
rodents given the same radioactive atro- 
pine used here excreted the drug and 
labeled metabolites derived from it much 
more rapidly than did our 2 subjects. In 
_ spite of slow initial rates of excretion, urin- 
ary losses by the end of 24 hours were es- 
sentially the same in these 2 men as in the 
large number of mice studied previously. 
To be. sure, excretion of the C'* label may 
have been spuriously slow in our 2 sub- 
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jects—in G. C. because of deadspace within 
the catheter system and in M. H. because 
of an inability to empty the bladder com- 
pletely, particularly under the influence of 
atropine and in the presence of such small 
volumes of urine. 

Another unexpected difference between 
human and animal data was the large re- 
covery of unmodified atropine in the urine 
of our subjects. In mice® only about 25 per 
cent of an intravenous or intraperitoneal 
dose could be recovered as such. Rats ex- 
creted less of the atropine label in their 
urine, but the proportion of this radioactiv- 
ity present as intact atropine was higher, so 
that a mean of 39 per cent of an intraven- 
ous dose was so eliminated.® The ultimate 
recovery of unchanged atropine in mouse 
urine was the same after intravenous, in- 
traperitoneal, and subcutaneous doses.* In 
rats, however, Tonnesen’® observed a 
marked difference in the urine content of 
atropine or atropine-like substances de- 
pending upon the route of administration 
(33 and 10 per cent of an intravenous and a 
subcutaneous dose, respectively ). For other 
common laboratory animals, urinary recov- 
eries of pharmacologically active mate- 
rial have been reported as follows: one- 
third of the dose in the dog"; about one- 
quarter in the guinea pig*®; essentially 
none in the cat according to Cloetta! or 
about the same as in the rat according to 
Kalser.® The quantities in rabbit urine are 
apparently low but variable,'!° because 
many rabbits possess a genetically deter- 
mined plasma esterase (atropinase) which 
hydrolyses this alkaloid.? Guinea pigs ap- 
pear to possess a similar mechanism since 
they excrete large amounts of tropic acid 
after parenteral doses of atropine.® 

From the data reported here it is pos- 
sible to infer that subject G. C. excreted 
about 53 per cent of the intramuscular dose 
as intact atropine. The comparable value 
for M. H. was 49 per cent (24 hours). 
These values were obtained by multiplying 
the amount of radioactivity collected in 
each urine specimen by the fraction of that 
present as chromatographically separable 





602 Gosselin, Gabourel, and Wills 


atropine.” The identification of urinary 
component R, 0.86 as intact atropine is 
based on the following evidence: it was es- 
sentially the only labeled substance in the 
urine collected during the first 30 minutes 
(Fig. 3); it behaved as a cation at pH 5; 
alkaline hydrolysis converted it quantita- 
tively to a component indistinguishable 
from tropic acid; it could be extracted com- 
pletely from alkaline aqueous solution into 
chloroform and then re-extracted into acid; 
a comparable component in rat and mouse 
urine has been shown‘ to possess mydriatic 
activity. 

The high values of urinary atropine in 
these 2 subjects are difficult to reconcile 
with the data of Tonnesen,!° who collected 
urine from men after single doses of atro- 
pine and then tested it for mydriatic activ- 
ity in the mouse eye. By this criterion, 19.8 
per cent (range 10 to 36) of a subcutaneous 
dose was recovered in the urine. This per- 
centage was independent of the dose in the 
range of 0.5 to 5.0 mg. The route of admin- 
istration may explain the disparity between 
Tonnesen’s results and ours, if the differ- 
ence between intramuscular and subcu- 
taneous routes is as marked as he appar- 
ently demonstrated between subcutaneous 
and oral channels. 

A third significant difference between 
animal and human data concerns the nature 
of the labeled excretory products derived 
from atropine. Like man, rats and mice* 
leave the ester bond of atropine largely in- 
tact. Both rodents produce two unidenti- 
fied modifications in the tropine moiety. 
The first recognized change in the tropic 
acid portion is hydroxylation of the aro- 
matic ring, probably in the para position. 
This product is then coupled with glucu- 
ronic acid apparently to form p-glucurono- 
sidoatropine. Before excretion, much of the 
material is believed to be hydroxylated a 


©Chromatograms were not prepared on urine samples 
collected after 8 hours, but from the shape of the line 
labeled R . 0.86 in Fig. 3, we assume that half the activity 
in these later samples was present as unmodified atropine. 
In terms of the ultimate excretion, this assumption can in- 
troduce an error no greater than 10 per cent. 
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second time, and to some of these mole- 
cules a second glucuronic acid moiety may 
be attached. By treating mouse urine with 
B-glucuronidase, what are believed to be 
various hydroxyatropines are recovered, 
which in turn can be hydrolyzed by alkali 
to hydroxytropic acids. In contrast, human 
urine gave no convincing evidence of 
labeled glucuronides after the administra- 
tion of C'4-atropine and no suggestion of 
hydroxytropic acids after alkaline hydro- 
lysis. If any of the metabolites derived from 
atropine were truly modified by treatment 
with the enzyme glucuronidase (see Fig. 2, 
A and C), the effect was a minor one and 
was even less apparent in the urine of sub- 
ject M. H. If glucuronides were present, 
they were not of the type described previ- 
ously‘ in the mouse and rat. In these lab- 
oratory rodents, glucuronic acid conjuga- 
tion was preceded by hydroxylation of the 
aromatic ring, which at least in the rat oc- 
curred solely in the liver. Subject G. C. had 
a healthy liver according to the usual as- 
sortment of function tests, and there is no 
reason to suspect that M. H. harbored a 
metabolic defect. Although there is no 
doubt that man is capable of hydroxylating 
several aromatic rings,*” the atropine mole- 
cule does not appear to be one of them. 

The principal labeled metabolite of atro- 
pine in the urine of our 2 subjects is com- 
ponent R, 0.63. It cannot be equated with 
any of the excretion products reported in 
mouse urine. Because it hydrolyses in hot 
alkali to tropic acid, we infer that it differs 
from atropine only in the tropine portion 
of the molecule. Its presence is a further 
demonstration that man does not metabo- 
lize atropine in the same way as the lab- 
oratory animals described previously. 

The authors are grateful to Dr. Jorgen A. 
Schlegel and Dr. John Benjamin of the Depart- 
ment of Urology, Strong Memorial Hospital, for 


their generous efforts in locating a suitable pa- 
tient for this study. 
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Propionyl erythromycin 


A review of 20,525 case reports for side effect data 


After oral administration, propionyl erythromycin and its lauryl sulfate salt produce higher 


and more sustained serum levels of antibacterial activity than are obtained with comparable 
doses of erythromycin base. After initial pharmacologic and clinical studies with these new 


erythromycin derivatives, two clinical programs were conducted in which practicing 


physicians reported their observations with the new medications. 


This report presents a review of the side effects associated with the use of these preparations 


in 20,525 patients reported on by 3,217 physicians. The findings are comparable to observations 
previously reported in smaller groups of patients and indicate that the new derivatives will 
result in no more frequent-and possibly less frequent side effects than formerly noted with the 


parent drug, erythromycin. Therapeutic results in the cases reflected the previously 


reported effectiveness of the drugs. 


Gastrointestinal symptoms of all degrees of severity were noted in 5.7 per cent of patients 


who took propionyl erythromycin and in 2.0 per cent of those given propionyl erythromycin 


lauryl sulfate. Skin eruptions and possibly allergic manifestations were reported with the 


former preparation in 0.5 per cent and with its lauryl sulfate derivative in 0.4 per cent 


of patients. 


The total incidence of patients who reported symptoms as possible side reactions were 


6.8 per cent of those taking propionyl erythromycin and 2.5 per cent of those given propionyl 
erythromycin lauryl sulfate. The effects noted were usually mild and necessitated 


Lilly Research Laboratories 


The clinical trial of a new drug may ap- 
propriately include three distinct types of 
studies. With an antibiotic, the initial eval- 
uation may be directed toward demonstra- 
tion of concentrations of the drug in blood 
and body fluids and correlation of such 
findings with therapeutic effects. A second 
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discontinuance of the drug in less than 0.5 per cent of cases in each group. 


H. V. Kuder, M.D. Indianapolis, Ind. 





stage may consist of an extension of the 
initial trial with emphasis on safety and 
therapeutic effectiveness under carefully 
controlled observation, supported by bac- 
teriologic studies and other laboratory pro- 
cedures. The third and final phase of de- 
velopment is extensive trial by practition- 
ers under the conditions of actual prac- 
tice. Unfortunately, this phase often is 
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omitted or is conducted without the or- 
ganized planning that permits the gather- 
ing of meaningful information. 

When the experience with propionyl 
erythromycin in the initial and second 
phases of investigation indicated that this 
compound possesses definite advantages 
over forms of erythromycin previously 
available,*®1914:15 a clinical program for 
the third phase was designed and executed 
during the fall and winter of 1958-1959. 
The lauryl sulfate derivative was used in a 
similar program in the fall of 1959. By this 
broad trial of propionyl erythromycin, it 
was anticipated that significant informa- 
tion on the incidence of side effects would 
be obtained, as well as additional obser- 
vations regarding therapeutic effective- 
ness. 

Bacteriologic and pharmacologic studies 
have established that the propionyl ery- 
thromycin ester and its lauryl sulfate salt* 
have the same antimicrobial spectrum as 
erythromycin itself.1612 When adminis- 
tered to patients in the fasting state, how- 
ever, the ester provides higher and more 
prolonged blood levels of antibacterial ac- 
tivity than does the same dose of ery- 
thromycin base.?7*1® The lauryl sulfate 
salt of the propionyl ester produces blood 
levels comparable to those obtained with 
the ester itself in the fasting state, but, be- 
cause of greater acid stability, it also pro- 
duces such levels in nonfasting sub- 
jects.511.21 


Material 


The data presented were derived from 
20,525 patient summaries provided by 3,217 
physicians who reported their experiences 
with propionyl erythromycin and propiony] 
erythromycin lauryl sulfate in the manage- 
ment of various infections. The majority of 
the patients were treated as outpatients in 
the office practices of the reporting physi- 
cians. Diagnoses were based usually on 
clinical observations without concomitant 
laboratory procedures. Conclusions regard- 


*Tlosone, Eli Lilly & Company. 
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ing effectiveness of these antibiotics have 
been reported in other studies in which 
bacteriologic procedures have accompa- 
nied clinical management. Information re- 
garding side effects noted in this large 
group of patients provides data of signifi- 
cance in further considerations of the use- 
fulness of these preparations. 

Each physician who participated in the 
program was provided with a supply of 
medication and report forms on which to 
summarize the treatment of each patient. 
The information requested included diag- 
nosis, causative organism (if available), 
dosage of drug, duration of therapy, thera- 
peutic response, side effects, and further 
comments. 

In the first of the two programs, con- 
ducted in the fall and winter of 1958-1959, 
reports on 9,558 patients were received 
from 1,811 physicians who used propionyl 
erythromycin. The diagnostic categories 
treated are listed in Table I. The side ef- 
fects reported in this group of patients are 
shown in Table II. 

Subsequently, the lauryl sulfate salt of 
propionyl erythromycin became available 
in a liquid suspension form; a program 
similar to the one of 1958-1959 was con- 
ducted with the newer derivative in the 
fall of 1959. In this program, the observa- 
tions on 10,967 patients treated with the 
medication were recorded by 1,406 physi- 
cians. (See Tables III and IV.) 


Results 


Clinical impressions regarding the effec- 
tiveness of the drug were reported by the 
participating physicians. Since bacterio- 
logic studies were not performed with the 
majority of the patients, conclusions about 
the over-all therapeutic results will not be 
drawn. In the second program, however, 
the therapeutic response in patients taking 
propionyl erythromycin lauryl sulfate was 
indicated by the physician as excellent, sat- 
isfactory, questionable, or none. The fol- 
lowing brief summary of results reported 
on patients with certain diagnoses, which 
would presumably be diseases bacterial in 
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Table I. Diagnostic categories of patients 





cent of patients showed a questionable or 


treated with propionyl erythromycin no response to the antibiotic. 
: Data on side effects (Tables II and IV) 
i Number of were tabulated according to the number 
ne patients 


of patients in whom various symptoms 
were noted. If more than one effect was 

Ear, nose, and throat 3,598 observed in a patient, the major symptom 
(Tonsillitis, streptococcal sore throat, : ‘ 
sinusitis, otitis media) was recorded. Each patient who experi- 


Upper respiratory 2,367 enced side effects appears only once in the 
(Undifferentiated respiratory and vi- 


rik ialldidinis, ahtarpeatiin, venniiliia, appropriate table. Nineteen patients in the 
tracheobronchitis) first program and 15 in the second had 
sree Bi all ; 429 more than one of the side effects listed, 
a “ cea aa eteaniet eee 1721 e.g., vomiting and diarrhea, rash and loose 
(Furunculosis, cellulitis, lymphangi- stools. The severity of symptoms reported 
tis, other) as side effects, of course, varies with each 
Genitourinary 500 : : . 
Grestdingic 263 patient. No cases of serious side effects or 
Gastrointestinal 119 
Other 


Total 9,558 Table II. Side effects with propionyl 
erythromycin 





origin in most cases, reflects’ generally the Number} p,, 
te ; ; Side effects of 
clinical impressions reported for the en- patients | °™ 
tire group of patients. Patients with the 
following diagnoses were included only if Ciccialidiaaatinaa 
propionyl erythromycin lauryl sulfate was Nausea 189 
the sole antimicrobial agent used in Vomiting 59 
Abdominal cramps 20 
treatment. Gas, abdominal discomfort 80 
The therapeutic response was considered Loose stools 40 
satisfactory or excellent in 93 per cent of Diarrhea 134 
3.435 patient Sl sient l ti Rectal irritation 15 
,435 patients with: streptococcal or septic Salty or brassy taste > 
sore throat (313 of 342 cases), periton- Stomatitis 3 
ille Q Aa ae 
sillar abscess (8 of 8), acute catarrhal or Total 77 


purulent otitis media* (1,733 of 1,876), 


pneumonia and bronchopneumonia (227 of Other than gastrointestinal _ 
243), cellulitis, infected wounds, or lym- a rash or pruritus ne 
phangitis (237 of 250), furunculosis, Unspecified ‘allergic reaction” 3 
paronychia, carbuncle, or skin abscess (364 Vaginitis Se 3 
of 394), ond impetigo or pyoderma (312 of Dizziness with gastrointestinal 

: s symptoms 31 
322). Of the total 10,967 patients in the Vertigo 8 
program (including the above diagnostic Tinnitus, ease eng disturb- ‘ 
- ° E “1 ance, or parest esiae 
categories and many others such as tonsil iach 16 
litis, pharyngitis, sinusitis, bronchitis, and Headache 18 
gastrointestinal, genitourinary, dental, and Weakness 11 


other miscellaneous infections ), only 8 per 





Total 





Total patients treated 


*Acute catarrhal otitis media may be viral in as many Total patients reporting side effects 657 6.8 
as one-third of cases." ccna athe aatadasiipaigilniaiieiaiamistiiandis 
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Table III. Diagnostic categories of patients 
treated with propionyl erythromycin lauryl 
sulfate 


Number of 


Category patients 


Ear, nose, and throat 4,657 
(Tonsillitis, streptococcal sore throat, 
sinusitis, otitis media) 
Upper respiratory 4,870 
(Undifferentiated respiratory and vi- 
ral infection, pharyngitis, bronchitis, 
and tracheobronchitis) 
Pulmonary 
(Pneumonia and bronchopneumonia) 
Skin and soft tissue 
(Furunculosis, cellulitis, lymphan- 
gitis, other) 
Genitourinary 
Gastrointestinal 
Prophylaxis against streptococci 
Other 


Total 10,967 


toxicity were reported, and in some pa- 
tients, the symptoms were considered to 
have possibly resulted from the disease 
rather than from the use of the drug. The 
number of patients in whom the drug 
was discontinued because of side effects 
was considered an indication of the rela- 
tive incidence of the more severe effects. 

Of the 9,558 patients in this report who 
received propionyl erythromycin, 547 (5.7 
per cent) were noted to have gastrointes- 
tinal side effects. The medication was dis- 
continued because of these effects in 38 
patients (0.4 per cent). Cutaneous erup- 
tions, urticaria, or possibly allergic mani- 
festations were observed in 47 (0.5 per 
cent), and miscellaneous manifestations 
were reported in an additional 63 cases 
(0.6 per cent). The drug was discontinued 
in 20 of the patients in the latter two 
groups. 

The majority of the 10,967 patients given 
propionyl erythromycin lauryl sulfate were 
children: 69 were 1 month of age or less, 
1,933 were less than 2 years of age, 8,375 
were 2 to 16 years of age, and 244 indi- 
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viduals were 17 years of age or older (for 
346 persons, no age was given). Of the 
total treated, 2.0 per cent experienced gas- 
trointestinal symptoms and in 0.5 per cent, 
other effects associated with drug adminis- 
tration were noted. 

In the group of 277 patients who noted 
side effects, the antibiotic was discontinued 
in 33 (0.3 per cent of cases treated) be- 
cause of nausea, vomiting, or diarrhea and 
in 14 (0.1 per cent) because of rashes or 
urticaria. It was of interest that 3 children 
were reported to have ingested without un- 
toward effects the contents of an entire 
bottle of the flavored suspension of pro- 
pionyl erythromycin lauryl sulfate (total 
60 ml., containing 1,500 mg. of drug). 


Table IV. Side effects with propionyl 
erythromycin lauryl sulfate 


Number 
Side effects of 
patients 


Per 
cent 


Gastrointestinal 
Nausea 
Abdominal cramps 
Vomiting 
Loose stools 
Diarrhea 
Vomiting and diarrhea 
Stomatitis or glossitis 
Black tongue 
Oral moniliasis 
Proctitis 
Perianal or rectal irritation 
Miscellaneous 


Total 


Other than gastrointestinal 
Maculopapular rash 
Urticaria 
Unspecified ‘‘allergic reaction”’ 
Headache, dizziness, or lethargy 
Excessive perspiration 
Buzzing in ears (patient with 
otitis media) . 


Total 


Total patients treated 


Total patients reporting side 
effects 





The incidence of 5.7 per cent for gastro- 
intestinal side effects reported among the 
patients receiving propionyl erythromycin 
in this program compares with 7.6 per cent 
in 105 patients reported by Smith and 
Soderstrom,”” 4.8 per cent in 125 patients 
reported by Settel,!® and none in 20 pa- 
tients reported by Perry, Hall, and 
Kirby.1* 

Studies with propionyl erythromycin 
lauryl sulfate’*1* in small series of pediatric 
patients have demonstrated side effects in 
5 per cent or less of infants and children 
treated as compared with 2 per cent in our 
program. Reichelderfer, Baird, and Ossof- 
sky!’ have reported that this drug has been 
given in large doses to premature and full- 
term newborn infants with no evidence of 
cumulation or toxicity after several days of 
drug administration. Of the 69 patients less 
than 1 month of age reported on by physi- 
cians in our program, 2 had loose stools 
associated with the drug administration; no 
other side effects were noted. 

Side reactions with erythromycin have 
been uncommon.*-?*:?3 Herrell® considered 
erythromycin to be the least toxic of the 
antibiotic drugs generally prescribed. 

Clinical observations on the 20,525 pa- 
tients in the two programs discussed in this 
article indicate that the use of propionyl 
erythromycin and propionyl erythromycin 
lauryl sulfate will result in no more fre- 
quent and possibly less frequent side reac- 
tions than have previously occurred with 
the parent substance, erythromycin. 


The author wishes to express his appreciation 
for the cooperation he received from the thou- 
sands of practicing physicians who took part in 
this program. He regrets it is impossible to give 
them individual public acknowledgment. 
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The need for great caution is illustrated by the investigation of the American 


Heart Association into the value of anticoagulants in the treatment of myocardial 
infarction. These anticoagulants were given to patients admitted on odd days, 
those admitted on even days serving as controls. At the end of the experiment it 
was found that the treated group was considerably larger than the control 

group and included a considerably larger number of “private patients” 

with private nurses. This was found to be due to the fact that the arrangements 

for the experiment became known through rumors, so that several practictioners 

saw to it that their patients were admitted on an odd day. As a result, the two 
groups were not comparable and the conclusions reached less reliable. 
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Six new hypotensive chemical 


relatives of pempidine 


A clinical study has been made of the actions of seven chemically related ganglion- 


blocking drugs. The following are approximately equipotent doses: 


M & B 4500 
Pempidine 

M & B 5409A 
M & B 4577A 
M & B 4859A 
M & B 4862 
M & B 4843A 


Average dose (mg.) 

as salt as base 
4.3 3.4 
8.3 4.2 
8.3 4.2 
12.5 6.3 
22.9 Tia 
29.7 23.2 
58.7 19.7 


All compounds appear to be typical ganglion-blocking drugs exhibiting postural 


hypotension and such characteristic side effects as blurring of the vision, dry mouth, 


and constipation. M & B 4500 appears so far to be the most potent ganglion- 


blocking drug at present available. 


F. H. Smirk, M.D., F.R.C.P., F.R.A.C.P., and 


J. V. Hodge, M.D., M.R.A.C.P. Dunedin, New Zealand 
Department of Medicine, University of Otago, Dunedin 


In the last few years several hypotensive 
drugs have been developed which may be 
used either as alternatives to ganglion- 
blocking drugs or in combination with 
them, to diminish the dose of ganglion- 
blocking drug required and lessen the side 
effects. While the side effects of the vari- 
ous ganglion-blocking drugs are similar, 
there are differences in the extent to 
which such individual manifestations as 
blurring of vision, dryness of the mouth, 
constipation, etc., are exhibited by different 


Financial support for this study was provided by the 
Medical Research Council of New Zealand. 
Received for publication April 4, 1960. 
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drugs. Furthermore, individual patients 
appear to have their own autonomic 
“fingerprint,” so that, of a series of gang- 
lion-blocking drugs, one patient will be 
more comfortable on, for example, pempi- 
dine than on pentolinium, whereas another 
patient has the reverse experience. 
Animal experiments, while an essential 
preliminary, do not provide the finer detail 
of experience which may determine the 
relative value in man of a group of hypo- 
tensive drugs which are chemically re- 
lated. Much interest is attached to the 
pharmacologic action of the tertiary amine 
pempidine. Many of its homologues were 
described independently by Lee and asso- 
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ciatest and Spinks and Young.’ Their po- 
tencies are closely and to a certain extent 
predictably related to their structure. The 
pharmacologic action of pempidine in man 
has been described by Harington and co- 
workers.’ With these considerations in 
mind we arranged with the makers of pem- 
pidine* to study a number of chemical 
relatives of pempidine which had been re- 
ported to show a degree of potency? but 
had not been accorded a clinical trial. The 
results obtained have been worth while in 
that, among the 6 substances tested, one 
(M & B 4500) appears on clinical testing 
to be the most potent ganglion-blocking 
drug available at the present time and a 
second one (M & B 5409A) has an activity 
which corresponds closely with that of 
pempidine. The activities of the remaining 
four new substances will be described 
briefly. The formulas of the new substances 
are shown in Fig. 1. 


Method 


The method used in investigating these 
drugs is based on the system of all-day test- 
ing which has been in use for some years 
at our hypertensive outpatient clinic.® 
Blood pressures and pulse rates are re- 
corded by experienced technicians at % to 
1 hour intervals throughout the day, with 
the patient in the standing, sitting, and 
lying postures. Several initial readings are 
taken before administration of the drug un- 
der trial. The dose of drug is then increased 
in successive all-day tests until the 
“trough” blood pressure in the standing 
posture approximates to normal levels. 

Patients commencing on _ hypotensive 
therapy are tested daily in this way for 2 
to 3 weeks, which allows comparison of the 
effects of several drugs and choice of the 
one most suited to that individual. Once 
stabilization is completed, visits become 
_ less frequent and most patients are main- 
tained satisfactorily by monthly attend- 
ances at the clinic. Side effects and un- 





°May and Baker, Ltd., Dagenham, England. 
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toward reactions are recorded routinely by 
the technician at the time of their occur- 
rence and in most instances confirmed per- 
sonally by one of us. 


Results 


Comparison of the potencies of pempi- 
dine with some of its chemical relatives. 
In the case of the two least potent drugs, 
M & B 4862 and M & B 4843A, the degree 
of blood pressure reduction in the tests was 
less than that obtained with the other sub- 
stances. Hence, the equipotent doses of 
these substances (as salts) is rather higher 
than that indicated in Fig. 2 and in Table I. 

In this table, the average doses used of 
the six new drugs are compared with pem- 


ol ts CHy— Oy Oe CMs 
Chty~* ~ “CHy Ciy~ a “iy ca a “CHy 
| | | 

“ CH; NH:CH, 
® @® 
oe ‘el CH, a 
CH; . “City City a Ge Cy ‘i ~H 
| | | 
e” 9” 6 
4 
l 
N 
Bi ) CM, 
a ~ 
CH, “ CH, 
| 
CHy 


Fig. 1. Chemical structure of pempidine relatives. 

1. 2:2:6:6-Tetramethyl-piperidine (hydrochloride) 
(M & B 4500). 

2. 1:2:2:6:6-Pentamethylpiperidine (hydrogen tar- 
trate) (pempidine monohydrate). 

3. 1-Methylamino-2:2:6:6-tetramethylpiperidine 
(hydrogen tartrate monohydrate) (M & B 
5409A). 

4, 1:2:2:6:6-Pentamethyl- 1:2:3:6-tetrahydropyri- 
dine (hydrogen tartrate) (M & B 4577A). 

5. 1:2:2:5:5-Pentamethylpyrrolidine (hydrogen 
tartrate) (M & B 4859A). 

6. 2:2:6-Trimethylpiperidine (hydrochloride) (M 
& B 4862). 

7. 1:2:2:7:7-Pentamethy]-1:4-diazacycloheptane 
(bis-hydrogen tartrate dihydrate) (M & B 
4843A). 





Smirk and Hodge 


© Drug alone. 
x Drug with adjuvant. 


SF 
= 
— 
% 
° 
O 


Clinical Pharmacology 
and Therapeutics 


OO0Ox 


Ogx 
OOOOOOKXK 
OOOOOOOOO KKK KK 


OO0000x 


KKK OOKKXKK 
OOKKXXK 


BAAS x x xx OXXX OOK KK KKK KK 


4500 PEMPIDINE 5S409A 4577A 485S9A 4862 4843A 


Fig. 2. Comparison of effective hypotensive doses of pempidine homologues. 


pidine in relationship to the average de- 
gree of blood pressure reduction and the 
postural changes in blood pressure. It will 
be seen that M & B 4500 is the most potent 
of these substances, having approximately 
twice the potency of pempidine and M & B 
5409A when the dose is expressed as salt, 
and one and a half times when expressed 
as base. The range of the doses used (as 
salts) are shown in Fig. 2. A direct com- 
parison in which equal doses of M & B 
5409A and pempidine were compared in 
successive all-day tests indicates that pem- 
pidine is slightly more active than M & B 


5409A. Although substances 4577A, 4859A, 
4862, and 4843A have received less detailed 
attention than 4500, pempidine, and 5409A, 
it is clear that all are typical ganglion- 
blocking drugs and no qualitative differ- 
ence from pempidine has been observed, 
though the potencies differ widely. All of 
the substances lead to postural hypoten- 
sion, the blood pressure reduction being 
the greatest in the standing posture, of in- 
termediate degree in the sitting, at least in 
the lying posture. The duration of hypo- 
tensive action does not differ significantly 
from that of pempidine, being usually from 
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4 to 8 hours but with full doses sometimes 
exceeding 12 hours. The pulse rate is not 
much altered by the drugs even at the 
trough of the blood pressure fall. In indi- 
vidual experiments it may be raised or low- 
ered a little but such variations as are en- 
countered may very well be the result of 
the patient’s resting or becoming slightly 
excited during the course of the test. 
Most of the known side effects of gang- 
lion-blocking drugs have been encoun- 
tered in the three substances we have in- 
vestigated in detail, namely 4500, pempi- 
dine, and 5409A. With the remaining sub- 
stances clinical trials only have been made 
without any attempt at long-term treat- 
ment; hence we cannot compare their side 
effects, though blurring of vision, dryness 
of the mouth, and constipation were com- 
plained of from time to time with the sub- 
stances 4577A, 4859A, 4862, and 4843A. 

Properties of 2:2:6:6-tetramethyl-piperi- 
dine hydrochloride (M & B 4500). 

A. Effect on blood pressure. Clinical 
trials have been made on 61 patients; 43 
patients had tests in which M & B 4500 
was administered in the absence of an 
adjuvant drug. In these tests, the mean 
level to which the blood pressure was re- 
duced in the standing posture was 
130.2/88.2. The mean dose required to do 
this was 4.3 mg. Where an adjuvant drug 
was used, such as reserpine or one of the 
hypotensive diuretics, or where the gang- 
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lion blocker was combined with bretylium 
tosylate, the mean level to which the blood 
pressure was reduced in the standing pos- 
ture at the trough of the blood pressure 
fall was 125.6/82.1 mm. Hg, and the mean 
dose was 3.2 mg. 

B. Side effects. Some patients on this drug 
stated that they had fewer side effects than 
on other ganglion-blocking agents they had 
tried but in other instances the parasympa- 
thetic side effects were more severe. There 
are clearly individual variations at least 
some of which are not mere expressions 
of an irrational preference. When no 
adjuvant drug was used we had satisfac- 
tory records about side effects in 32 pa- 
tients. In most of the remainder our trial 
was of insufficient duration to merit a 
comment. Three patients stated they had 
no side effects. Nineteen complained of 
blurring of the vision, 6 of slight degree 
only. Nineteen patients complained of dry- 
ness of the mouth, 4 of these saying it was 
of slight degree. Many patients had con- 
stipation but in most cases this could be 
combated by the use of laxatives. One pa- 
tient, however, developed an early stage of 
paralytic ileus. Occasional patients com- 
plained of impotence. 

In 13 of the patients who had M & B 
4500 together with an adjuvant drug, we 
found 7 had no side effects, 4 had blurring 
of the vision, not severe, 3 had dryness of 
the mouth, not severe, and constipation 


Table I. Average dose of pempidine relatives in relation to changes in blood pressure 


and pulse rate 


Average dose used 
(mg.) 
No. of 
Drug patients 


Average standing blood pressure 


Average postural 
change in systolic 
blood pressure at 
At maximum | maximum drug action 


(mm. Hg) 


tested As salt As base Before drug drug action (mm. Hg) 
M & B 4500 43 
. Pempidine 13 
M & B 5409A 28 
M & B 4577A 8 
M & B 4859A 6 
M & B 4862 10 
M & B 4843A 9 


194.0/117.3 
188.6/112.8 
192.4/112.9 
193.9/110.8 
195.3/112.2 
205.8/111.2 
196.2/118.2 


130.2/88.2 64.5 
138.6/91.5 61.6 
145.6/95.9 63.0 
134. 8/89.3 69.1 
133.0/89.7 61.7 
158.0/98.9 55.1 
156.2/104.2 45.1 
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was certainly less than when no adjuvant 
was used but the use of laxatives was 
needed in some patients. Indigestion was 
complained of by 3 patients though it was 
not severe. Our impression was that indi- 
gestion was usually attributable to the 
adjuvant and not to the M & B 4500. The 
adjuvants used were as follows: a hypo- 
tensive diuretic (either chlorothiazide or 
hydrochlorothiazide) in 6 patients, a 
Rauwolfia alkaloid in 3 patients, and a 
hypotensive diuretic together with a Rau- 
wolfia alkaloid in 3 patients. In 5 patients 
M & B 4500 was ‘used in combination with 
bretylium tosylate, while the remaining 
patient received M & B 4500 and bretylium 
tosylate together with a Rauwolfia alkaloid 
and a diuretic agent. It is clear that when 
adequate use is made of adjuvants, such as 
hypotensive diuretics and Rauwolfia alka- 
loids, it is possible to obtain a comfortable 
regimen with ganglion-blocking drugs such 
as M & B 4500. 

Properties of 1-methylamino-2:2:6:6-tetra- 
methylpiperidine hydrogen tartrate mono- 
hydrate (M & B 5409A). 

A. Effect on blood pressure. The prop- 
erties of M & B 5409A resemble those of 
pempidine so closely that it is convenient 
to describe M & B 5409A by comparing its 
properties with those of this drug which is 
already well known. In general, it will be 
seen that both drugs have comparable po- 
tency, that of pempidine being probably 
slightly greater than that of 5409A. Both 
drugs lead to postural hypotension, neither 
affect pulse rate much, even at the trough 
of the blood pressure fall, and both of them 
combine advantageously with such adju- 
vant hypotensive agents as the hypotensive 
diuretics and Rauwolfia alkaloids. They 
may be combined also with bretylium 
tosylate. 

Although we have had much experience 
with pempidine, it seemed desirable for 
comparison to have a small additional 
series of observations made at about the 
same time as our observations were made 
on M & B 5409A. The recent observations 
with pempidine do not seem to differ in 
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any significant way from earlier ones. In 
28 patients receiving no adjuvant drugs, 
M & B 5409A when administered in an 
average dose of 8.3 mg. reduced the blood 
pressure to an average level of 145.6/95.9 
mm. Hg in the standing posture at the 
trough of the blood pressure fall. The cor- 
responding dose for pempidine was 8.3 mg. 
in 13 patients who received no adjuvant 
therapy, with a fall in the blood pressure 
to 138.6/91.5 mm. Hg in the standing pos- 
ture at the trough of the blood pressure 
fall. When M & B 5409A was combined 
with adjuvant therapy in 22 patients, the 
average dose was 5.5 mg. and the blood 
pressure in the standing posture fell to 
140.4/90.8 mm. Hg at the trough of the 
blood pressure fall. According to the cor- 
responding figures for pempidine in 13 pa- 
tients, an average dose of 5.0 mg. reduced 
the blood pressure to an average level of 
136.1/90.3 mm. Hg in the standing posture 
at the trough of the blood pressure fall. It 
appears that pempidine is slightly more 
potent than M & B 5409A. 

The effect of the two drugs on postural 
hypotension did not seem to be different. 
A comparative test was made. When no 
adjuvant was employed the mean blood 
pressure in the lying posture was 164.5/98.3 
mm. Hg in 16 patients who have received 
adequate doses of M & B 5409A. In the 
standing posture the corresponding blood 
pressure was 139.2/91.9 mm. Hg. In 17 pa- 
tients who were receiving some adjuvant 
form of therapy as well, the corresponding 
figures were 173.8/104.5 mm. Hg lying and 
141.1/90.8 mm. Hg standing. The observa- 
tions on pempidine were not sufficiently 
numerous to justify a numerical compari- 
son but did not differ appreciably. 

B. Side effects. Long experience and 
careful comparison with the same degree 
of blood pressure reduction are necessary 
before a clear distinction can be made be- 
tween the side effects of two drugs which 
resemble each other as closely as M & B 
5409A and pempidine. The general impres- 
sion from our results is that the doses we 
have employed for M & B 5409A have pro- 
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duced fewer side effects than the doses we 
have employed for 4500 or for pempidine, 
but the extent to which the blood pressure 
has been reduced by these substances is 
not the same, being slightly greater with 
M & B 4500 than with pempidine and 
slightly greater with pempidine than with 
M & B 5409A. The difference between the 
incidence of side effects would be reduced 
had the degrees of blood pressure reduc- 
tion been fully comparable. Nevertheless, 
it is impressive that, of 17 patients who re- 
ceived M & B 5409A only, 11 stated that 
they had no appreciable side effects. Five 
had blurred vision (3 slight), 5 had dry 
mouth, 2 complained spontaneously of con- 
stipation but there were others who had a 
degree of constipation which was easily re- 
lieved by laxatives. Of 9 patients on pempi- 
dine, 4 had no side effects, 3 had blurred 
vision, 2 complained of dry mouth. Con- 
stipation was present in several patients 
but relieved by laxatives. Of 16 patients 
who received M & B 5409A in combination 
with adjuvants for a sufficient time for a 
comment to be made on side effects, 10 
had no apparent side effects and the re- 
mainder complained of blurred vision, dry 
mouth, or constipation. Of 7 patients on 
pempidine with an adjuvant, 3 had no side 
effects and the remainder had some para- 
sympathetic side effects. When we com- 
pared these drugs with M & B 4500 our 
clinical impression has been that M & B 
5409A induces fewer side effects though 
M & B 4500 is twice as potent. More work 
is needed on this point. 

With up to 18 months’ experience in 
long-term therapy on 23 patients with M & 
B 4500, 1 to 10 months’ experience on 15 
patients with M & B 5409A, and nearly 2 
years’ experience with pempidine, we have 
encountered no long-term toxicity in our 
clinic. In particular we have not encoun- 
tered the mental disturbance and gross 
’ tremors which occur occasionally with 
mecamylamine. There have been 2 serious 
cases and 4 mild cases of mecamylamine 
toxicity in our clinic during the last 4 
years. 
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Discussion 


It is clear that two of the six chemical 
relatives of pempidine, namely, 2:2:6:6-tet- 
ramethyl-piperidine hydrochloride (M & 
B 4500) and 1-methylamino-2:2:6:6-tetra- 
methylpiperidine hydrogen tartrate mono- 
hydrate (M & B 5409A) are also highly po- 
tent drugs well worth while as hypotensive 
agents. These substances are typical gang- 
lion-blocking agents, causing postural hypo- 
tension with comparatively little effect on 
the pulse rate. They cause all the usual 
parasympathetic side effects though M & 
B 5409A appears on initial study to pro- 
duce slightly fewer side effects than M & 
B 4500 or pempidine. 

This may have been due in part, how- 
ever, to the degree of blood pressure lower- 
ing achieved, since this was slightly less 
for M & B 5409A than for M & B 4500 or 
pempidine. The evaluation of side effects 
has proved difficult with such closely re- 
lated drugs but it is clear that any differ- 
ences between them are only minor in de- 
gree and not of clinical importance. No 
long-term toxicity has been observed in this 
clinic with any of the three substances. 
All of them may be combined with adju- 
vant drugs such as Rauwolfia alkaloids and 
the hypotensive diuretic drugs chlorothia- 
zide and hydrochlorothiazide. When used 
in suitable combination full reduction in 
the blood pressure to normal or near nor- 
mal levels in the standing posture may be 
accomplished with comparatively few side 
effects. The use of these substances in com- 
bination with bretylium tosylate is one of 
interest in that whereas a comparatively 
large dose of bretylium tosylate is required 
to reduce the blood pressure in patients 
with severe hypertension to near-normal 
levels, the substance has the great advan- 
tage of freedom from parasympathetic side 
actions. Although in large doses there may 
be unpredictable absorption with episodes 
of hypotension, the introduction of the 
drug by Boura and co-workers! represents 
a major advance in hypotensive therapy. 
Our observations® are confirmatory. The 
ganglion-blocking drugs which we are de- 
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scribing for use in combination are much 
more potent than bretylium tosylate; 1 mg. 
of M & B 4500, 2 mg. of pempidine, or 
2.2 mg. of M & B 5409A is approximately 


equivalent in potency to between 50 and 


100 mg. of bretylium tosylate. It is quite~ 


clear that a judicious combination of one 
of these ganglion-blocking drugs with 
bretylium tosylate yields a combination 
which enables the total amount of drug 
taken to be reduced without reintroduc- 
ing significant parasympathetic side effects. 

The remaining four chemical relatives of 
pempidine with the possible exception of 
M & B 4577A do not appear to justify con- 
tinued investigation from a_ therapeutic 
standpoint. 

The relationship between potency and 
structure is of interest. The substitution of 
CH, attached to nitrogen in the pempidine 
molecule by a —NH CH, group has little 
effect. When the five-membered pyrroli- 
dine ring of M & B 4859A is substituted for 
the six-membered piperidine ring of pempi- 
dine, the potency is reduced by a factor 
of approximately 2.5. 


We are indebted to May and Baker, Ltd., Dag- 
enham, who made these chemical relatives of 
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pempidine available to us; to Ciba Limited, Basle, 
for supplies of hydrochlorothiazide; and to Bur- 
roughs Wellcome & Company Limited, for sup- 
plies of bretylium tosylate. 
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Problems of short-term comparison 


of antihypertensive drugs 


A double blind trial was carried out in an attempt to decide whether either mecamylamine 


or pempidine was to be preferred. The design and practice of the trial are discussed. 


In so far as any conclusions can be drawn, pempidine appears to be 


superior to mecamylamine. 


D. R. Laurence, R. Moulton, and M. L. Rosenheim London, England 
Medical Unit, University College Hospital Medical School, and 


Department of Pharmacology, University College, London 


The ever increasing number of potent 
hypotensive drugs raises many difficulties 
for the physician. Not only must he decide 
which of his many patients require treat- 
ment with such drugs, but he must know 
the various side effects which each may 
produce and how to manage them. It is 
difficult to decide which drug is the best to 
use routinely, and this decision, once made, 
may soon be upset by the appearance of 
yet another new drug. 

The present report describes an attempt 
to carry out a short-term clinical compari- 
son of two very similar ganglion-blocking 
drugs—mecamylamine and pempidine. In 
1958 these two drugs were the principal 
potent hypotensive agents in use in the 
Hypertension Clinic at University College 
Hospital. Both were often successful in 
_achieving the objective of treatment of 
hypertension, which is, at present, to re- 
duce the patient’s blood pressure when 
standing to as near normal as possible, but 
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this could frequently be attained only at 
the price of side effects due to interference 
with parasympathetic ganglionic transmis- 
sion—side effects which are almost in- 
variably troublesome and sometimes quite 
intolerable and include constipation, dry 
mouth, blurred vision, and impotence. 
There was an impression in the Clinic that 
mecamylamine produced more constipa- 
tion than pempidine, although this re- 
ceived no support from animal studies.® 
However, clinical impressions are notori- 
ously fallible, and so it was decided to 
make a clinical comparison. Moreover, the 
answers to the following questions would 
be useful and were not likely to be 
obtained without a properly designed 
experiment. 

The questions to be answered were: 

A. Is the blood pressure initially con- 
trolled more effectively or more easily with 
either drug? 

B. Is there any difference in degree or 
nature between the side effects of the two 
drugs? 
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In order to obtain a reliable answer to 
these questions the trial was designed with 
the following safeguards: 

1. Each patient should have a period on 
each drug. This overcomes one difficulty 
inherent in the use of small numbers, that 
of obtaining strictly comparable groups, a 
difficulty that is illustrated in the report of 
Houston and Sears,® who gave up allocat- 
ing patients to two treatments at random 
after only 8 patients had entered the 
trial, because the groups were not then 
comparabie. 

2. The order in which the drugs were ad- 
ministered should be allotted at random to 
avoid the possibility of systematic error 
resulting from any carry-over from one 
drug to the next or any tendency on the 
part of either physician or patient to prefer 
the drug more recently (or more remotely ) 
given. 

3. It was clear that the trial’ must be con- 
ducted with both physicians and patients 
in ignorance of what drug was being taken, 
i.e., double blind, since both the patient's 
evaluation of his side effects and the physi- 
cian’s opinion as to whether or not the pa- 
tient’s blood pressure was well controlled 
involved subjective decisions. Later on we 
were impressed by the enthusiastic cooper- 
ation of the patients and think that this 
confirmed the importance of such a trial 
being double blind. 

4. The design should be such that varia- 
tion of the dose from week to week could 
be accomplished without the necessity of 
knowing which drug was which and also 
avoiding accidental decoding of the drugs, 
which might occur if the number of tablets 
per dose of one drug differed very substan- 
tially from the number usually required 
of the other. 

In addition, it was essential for prac- 
tical reasons that the trial should re- 
quire neither extra medical nor clerical 
staff, nor seriously disturb the existing 
routine in the busy Clinic, in the event 
the trial was brought to a premature 
end by the appearance of a new hypoten- 
sive agent. 
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Methods 


The object of the trial was explained to 
each patient and an explanatory letter was 
sent to his general practitioner. The key to 
the coded drug containers was kept avail- 
able in case of emergency (it had to be 
consulted only once). The trial was con- 
ducted on outpatients. The more important 
aspects of the trial are set out below: 

1. Patients selected for the trial included 
those who had had no previous therapy 
with ganglion-blocking drugs and who 
were considered to need it, as well as 
patients already taking such drugs whose 
hypertension was not satisfactorily con- 
trolled for any reasons. Patients with car- 
diac or significant renal failure were 
excluded. 

2. It was essential that the two drugs 
should be given under the same conditions 
and we therefore followed the recom- 
mended frequency of dosage for pempi- 


, dine and gave each drug orally four times a 


day. This small departure from the normal 
routine for administration of mecamylamine 
was thought unimportant. Each drug was 
given for 8 weeks, a period in which it was 
considered to be reasonable to expect to be 
able to gain control of the blood pressure. 
Patients attended weekly, which meant that 
some who would otherwise have been suit- 
able for the trial could not be included 
because of the distance at which they 
lived or the exigencies of their occupation 
or general health. The patients in this trial 
were thus not representative of hyperten- 
sive patients in general, but there was no 
reason to think this would render the an- 
swers to the above questions inapplicable 
to all. 

3. All patients took reserpine (0.1 mg. 
four times a day), unless there was a posi- 
tive contraindication (depression ), because 
its use with ganglion-blocking drugs has 
been routine in the Clinic in an attempt to 
reduce the dose of the latter and hence the 
incidence of their side effects. There is 
evidence that it potentiates the hypotensive 
effect without increasing parasympathetic 


block. 
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4. If a patient was taking chlorothia- 
zide as a hypotensive agent this was dis- 
continued. 

5. The drugs were made up in identical 
tablets in coded bottles and allotted at ran- 
dom to each patient, who, after treatment 
with one drug (Drug A), changed over to 
the other (Drug B). Dosage was by “tab- 
lets” since their content was “unknown.” 
The mecamylamine tablets contained 5 mg. 
of mecamylamine hydrochloride (4.1 mg. 
base) and the pempidine tablets 5 mg. of 
pempidine hydrogen tartrate (2.5 mg. 
base) so that they would have approxi- 
mately equal hypotensive effect.° 

6. At each weekly attendance the pa- 
tient’s blood pressure was recorded in the 
supine position after at least 5 minutes’ rest, 
and then after one minute erect. The con- 
dition of the optic fundi was recorded and 
the patient was questioned about side ef- 
fects and the results scored (0, no effect; 
1, an effect noticed but considered trivial; 
2, effect severe enough to worry the pa- 
tient; 3, disabling effect). The side effects 
scored were constipation (or diarrhea), 
difficulty with micturition or vision, dryness 
of the mouth, and malaise and tiredness. 
Postural hypotension was scored separately 
as its occurrence was so intimately related 
to effective blood pressure control. It was 
appreciated that this scoring system was 
highly subjective. At the time the observer 
recorded the side effects he did not have 
the previous records of the patient before 
him, although in some cases he inevitably 
must have remembered what had passed 
earlier. The patient was questioned by the 
same observer each week, for the relation- 
ship between the questioning doctor and 
the patient is a delicate one, as Gold* found 
when assessing results of drug therapy in 
angina pectoris; “the patient’s judgement 
was often modified and sometimes reversed 
by the interviews, no matter how hard we 


‘tried to be neutral in the interrogation. 


What we were getting was a composite 
judgement of the patient and the doctor, 
at times even worse, a judgement of the 
doctor alone which bore little resemblance 
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to that of the patient.” To have had the 
questions on side effects put differently 
each week would have introduced an un- 
necessary variable factor. 

7. The patient then went to the assessor, 
who, having all present and previous data 
on blood pressure and side effects before 
him, adjusted the dose of tablets for the 
coming week. The dose of each drug was 
increased until either the patient’s blood 
pressure was controlled or intolerable side 
effects occurred. 

8. When the assessor thought he had at- 
tained the best control practicable, or else 
at the penultimate attendance on either 
drug, the patient had a detailed “follow- 
through” of a single dose with hourly 
blood pressure readings in the supine and 
erect positions. The follow-through charts 
were used in assessing the adequacy of 
blood pressure control. 

9. After 8 weeks on Drug A, or earlier if 
side effects proved intolerable, the patient 
was transferred to Drug B. There was a 
possibility of getting earlier control of the 
blood pressure with Drug B than with 
Drug A. Drug A was usually started at half 
a tablet, because either there was no knowl- 
edge of the patient’s sensitivity to any 
ganglion-blocking drug, or to attempt to 
take what was known into account was 
thought, perhaps wrongly, to be likely to 
complicate the process of the trial unduly. 
The dose of Drug B in tablets was begun 
at half that of the final dose of Drug A, to 
avoid the possibility of serious over or 
under dosage at the change-over. After 8 
weeks on Drug B, conducted similarly to 
the period on Drug A, the trial of ganglion- 
blocking drugs for each individual was 
terminated. 


Results 


Thirty-four patients entered the trial; 30 
(18 men aged 32 to 62 years and 12 women 
aged 23 to 61 years) completed it by tak- 
ing the two drugs, each for an 8 week 
period. Of these, only 5 had not been tak- 
ing ganglion-blocking drugs before. The 4 
patients who failed to complete the trial 
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Table I. Control of blood pressure 


Clinical assess- | Blind review of 





Drug ment at end of data weeks 
trial later 
Pempidine 22/30 20/30 
Mecamylamine 15/30 14/30 


The difference between the drugs does not reach 
the conventional level of significance (P > 0.1). 


did not do so for any reason related to 
their treatment. 

Fifteen patients had pempidine followed 
by mecamylamine and 15 mecamylamine 
followed by pempidine. 

Patients were judged by the assessor to 
be “controlled” if their blood pressure 
reached levels generally accepted in the 
Clinic as being satisfactory, without intol- 
erable side effects, having regard to the 
patient’s age, the general condition of his 
cardiovascular system, the presence of com- 
plications, and the initial height of his 
blood pressure. No rigid criteria that can 
be applied to all cases are laid down in 
this, and probably not in any other, Clinic. 
The judgment of whether the blood pres- 
sure is reasonably controlled in any one 
patient was therefore subjective, so that it 
was essential that the assessor should make 
his judgment blind. A patient was consid- 
ered to be “uncontrolled” if his blood pres- 


Table II. Assessor's preference between 
drugs in both “controlled” and “uncon- 
trolled” patients 








2. Blind 
Preference 1. At end | reassessment 
of trial later 

Pempidine superior to 

mecamylamine 18 14 
Mecamylamine superior 

to pempidine 7 6 
No difference between 

drugs 5 10 

Total 30 30 


The assessor's preference for pempidine does not 
reach the conventional level of statistical significance. 
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sure was insufficiently lowered, or was sat- 
isfactorily lowered only at the price of in- 
tolerable side effects. The assessor recorded 
his opinion as to blood pressure control for 
each patient weekly and also stated which 
drug, if either, was preferred at the end 
of the second period. 

A clinical assessment was made at the 
end of the trial with the patient’s record 
and the patient in mind. It was clear that 
the assessor was more influenced by the 
charts of the “follow-through” than by the 
weekly casual Clinic blood pressure read- 
ings. Later the assessor was presented with 
the same records of each patient without 
knowing their names or his previous judg- 
ment and invited to judge them again. The 
results are shown in Table I. 


Table III. Assessor's final order of prefer- 
ence for drugs 


Drug A, ! Drug B, 





Preference given given | Total 
jirst second 
Pempidine preferred 3 11 14 
Mecamylamine preferred 0 6 . . 
Total 3 17 20 


Four other doctors from the Clinic ex- 
amined the “follow-through” blood - pres- 
sure charts in ignorance of whose records 
they were and of the assessor’s opinion. 
Their estimation of whether adequate con- 
trol had been obtained was substantially in 
agreement with the assessor's opinion. 

In 13 cases the blood pressure was con- 
trolled with both drugs and in 9 cases with 
neither. In 7 cases the blood pressure was 
controlled with pempidine, where it could 
not be controlled with mecamylamine, and 
in one was controlled with mecamylamine 
where it could not be controlled with pem- 
pidine. Where neither drug controlled the 
blood pressure the assessor still expressed 
a preference if a difference between drugs 
appeared. Where the assessor considered 
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that one drug was preferable to another, 
i.e., better control with or without fewer 
side effects or equal control with fewer 
side effects, he was found to be biased in 
favor of the second drug (Drug B). 


Table IV. Patients’ order of preference for 
drugs 


Drug A,| Drug B, 





Preference given given | Total 
first second 
Pempidine preferred 4 8 12 
Mecamylamine preferred 3 9 12 
Total 7 17 24 


In his assessment at the end of the trial, 
the assessor judged that there was a dif- 
ference between the efficacy of the drugs 
in 25 cases and in 21 of these he preferred 
Drug B, which on 14 occasions was pempi- 
dine and on 7 was mecamylamine. On the 
4 occasions where A was preferred it was 
pempidine in each instance. Knowing of 
this bias, when the records were reassessed 
some weeks later the assessor was kept in 
ignorance of which charts referred to Drug 
A or B. He still preferred Drug B on 17 of 
the 20 occasions where he considered that 
there was a difference in efficacy of control 
of blood pressure and B was pempidine 
in 11 of these (Table III). 

The patients’ preferences were also taken. 
Of 24 who expressed a preference, pempi- 
dine and mecamylamine was each chosen 
12 times; 17 preferred Drug B, which was 
taken second, and so more recently, and, of 
these 17, 8 were for pempidine (Table IV). 
It is clear that patients tended to prefer the 
more recently used drug on which their 
memories were no doubt clearer. The in- 
ability of patients to recollect sensations 


‘felt weeks ago is not surprising and has 


been noted in trials of analgesics.’ In the 
case of ganglion-blocking drugs, patient 
preferences are probably conditioned rather 
by the incidence of side effects than by 
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therapeutic effect. The assessor tended to 
prefer Drug B, perhaps largely because, as 
has been explained, B was begun at higher 
dose so that control was more readily ob- 
tained, but unlike that of the patients his 
preference was not equally distributed be- 
tween pempidine and mecamylamine. 

Side effects. The mean score for side ef- 
fects taken for the last 2 weeks on each 
drug (the period generally on the highest 
dose) is shown in Table V. The figures in 
brackets are the numbers of the thirty pa- 
tients who suffered side effects. 

That symptoms due to postural hypo- 
tension occurred with mecamylamine in 12 
patients and with pempidine in 18 prob- 
ably reflects the larger number of patients 
controlled with pempidine. The principal 
side effects of ganglion-blocking drugs are 
well known to patients in the Clinic and 
are no doubt frequently discussed while 
they wait, which will certainly not tend to 
lower the incidence! 

There is evidently no important differ- 
ence in the incidence of side effects be- 
tween the two drugs. 

Dosage. The mean daily total dose of 
mecamylamine hydrochloride was: con- 
trolled cases 24.0 mg., uncontrolled cases 
23.5 mg.; of pempidine hydrogen tartrate: 
controlled 20.5 mg., uncontrolled 25.5 mg. 
Since all tablets contained 5 mg. of the salts 
it is evident that the salts are of approxi- 
mately equal potency. If calculated as con- 
tent of base then pempidine has about 1% 
times the potency of mecamylamine, which 
confirms the findings of Harington and 
associates.° Had there been a great dis- 
crepancy between the number of tablets 
taken to achieve control on each drug, this 


Table V. Side effect scores 


Side effects Mecamylamine | Pempidine 


All side effects exclud- 


ing postural hypo- 3.2(28) 3.5(27) 
tension 
Constipation 1.5(23) 1.0(22) 


Postural hypotension 0.6(12) 0.7(18) 
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could easily have been another factor caus- 
ing bias, by tending to decode the two 
preparations. In a trial such as this it is 
obviously important to adjust the tablet 
content so that an adequate dose of each 
drug is contained in as nearly as possible 
the same number of tablets. 


Discussion 


No detailed statistical analysis of the re-— 


sults presented is warranted because of the 
small numbers involved and we are pre- 
senting this primarily as a trial of a clinical 
trial. 

It would probably not be possible to 
compare a ganglion-blocking drug with 
bretylium tosylate, a new hypotensive 
agent, using the double blind technique in 
the way described here, because the occur- 
rence and nature of side effects would in- 
evitably prevent the physician from being 
kept in ignorance of which drug the patient 
was taking. Juel-Jensen and Pears’ suggest 
that this fear is unfounded. While investi- 
gating the effect of adding chlorothiazide to 
the regimen of patients already taking 
ganglion-blocking drugs (pentolinium and 
mecamylamine ) they replaced these agents 
with dummy tablets. They reported that 
side effects were no less common with the 
inactive dummy tablets than with the gen- 
uine ganglion-blocking drugs, but do not 
state the doses used. Since they themselves 
comment that the dose of pentolinium used 
did not significantly lower the blood pres- 
sure and since only 2 of their 8 patients 
on mecamylamine alone had a fall in dias- 
tolic pressure of more than 15 mm. Hg 
when standing, it is clear that these drugs 
were not being used so as to achieve opti- 
mal control of the blood pressure. Their 
finding is therefore not relevant and it is 
impossible to accept that they have shown 
that it is possible to conduct a double blind 
trial of ganglion-blocking agents with a 
dummy which will not reveal itself. 

With the proviso that the drugs used 
must not have very substantially different 
side effects, it is suggested that this type of 
design is suitable for short-term compari- 
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son of hypotensive agents. It, of course, 
gives no information on slow development 
of tolerance, or on long-term toxicity or 
therapeutic effect. The use of reserpine, 
which naturally tended to reduce the clar- 
ity of the possible distinction between the 
two ganglion-blocking drugs, was consid- 
ered to be justified because this was a 
therapeutic exercise as well as an attempt 
at a form of bioassay. In retrospect it is 
thought that it might perhaps have been 
better omitted, but no dogmatic opinion is 
expressed on this point. 

The trial revealed that the blood pres- 
sure of a number of patients attending the 
Clinic before the trial, in whom the physi- 
cian was resigned to incomplete control, 
could in fact be further lowered when 
greater attention was given to the patient 
and he attended weekly instead of less fre- 
quently. This improved control may have 
been assisted by the change of pattern of 
hospital attendance, for Ayman’ has shown 
that the blood pressure of hypertensive pa- 
tients falls if they are given increased at- 
tention, especially if they increase the fre- 
quency of outpatient visits. With the hypo- 
tensive drugs available, effective control of 
the blood pressure depends perhaps as 
much on assiduous attention to detail in 
management as on the choice of drug itself. 
In this connection the importance of a reg- 
ular “follow-through” of a dose as de- 
scribed under “methods” above, is worth 
stressing. The occasional detailed record of 
the effect of a single dose on the blood 
pressure is invaluable in determining 
whether therapy is adequate. 

As stated above, this experiment did not 
include more patients because of the ap- 
pearance for clinical testing of a new drug, 
bretylium tosylate (Darenthin). 

It is evident that a situation in which 
comparative trials of drugs are incomplete 
at a time when a potentially superior drug 
appears is likely nowadays to occur with 
increasing frequency. For example, long- 
term trials of phenothiazine tranquilizers 
are likely to produce significant results only 
long after the drug concerned is no longer 
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a fashionable member of this prolific group; 
also, there are now far too many substan- 
tially similar compounds for them all to re- 
ceive adequate clinical comparison under 
present conditions. Friend* points out that 
at least 12 are widely used and that “there 
will be more introduced in the next few 
months.” In addition, many do not deserve 
the time and labor that would be required 
to test them adequately. Another recent 
example is the comparison of corticotropin 
and cortisone in the treatment of active 
ulcerative colitis and prevention of re- 
lapse,’° during which trial, prednisone, 
prednisolone, and triamcinolone all came 
into clinical use, not to mention salicylazo- 
sulfapyridine. 

This difficulty is likely to increase in the 
future and may tend on both practical and 
ethical grounds to discourage the comple- 
tion of potentially valuable long-term stud- 
ies. While in this small trial on 30 patients 
no conclusive differences were detected 
either between the number of patients “con- 
trolled” by each drug, or in the assessors’ 
preference, it is noteworthy that the ad- 
vantage goes to pempidine on each occa- 
sion where there is any difference. 

This trial has emphasized some of the 
difficulties of comparing antihypertensive 
drugs and it is offered as a contribution to 
discussion of the problems involved. 


The authors are grateful to Merck Sharp & 


- Dohme for supplies of mecamylamine and _ to 


Imperial Chemical Industries Pharmaceuticals Di- 
vision for supplies of pempidine and for the 
preparation and coding of the tablets. 
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Griseofulvin: Systemic therapy for 


superficial fungal infections 


Griseofulvin was used to treat 166 patients with fungal infections of the skin, 
nails, or hair. The initial dose of 1,000 to 2,000 mg. daily was gradually reduced 
to maintenance levels of 125 to 250 mg. daily. The period of treatment ranged from 


one to 25 weeks. 


Most patients with Trichophyton, Microsporum, or Epidermophyton infections of the 


skin or hair responded rapidly and the infections were completely or almost 


completely relieved. Infections of the nail usually were treated for several months 
before significant improvement occurred. Patients with Candida infections failed to benefit 
and occasionally became worse. The side effects of griseofulvin therapy were not 


serious; if these effects did not disappear spontaneously they were usually reversed 


by reduction of dosage. In 19 cases there ‘was a recurrence or relapse of the infection which 


occurred after dosage was reducd (6 cases) or discontinued (13 cases). 


Leonard D. Grayson, M.D., and Hilliard M. Shair, M.D. Quincy, IIl. 
Department of Dermatology of the Physicians and Surgeons Clinic. 


In a memorable lecture in December of 
1958, Dr. Harvey Blank presented his pre- 
liminary results with griseofulvin as a 
treatment for superficial fungal infections 
in humans. American dermatologists thus 
learned of the clinical possibilities of an 
antimycotic agent isolated by Oxford and 
colleagues® in 1939. This was a colorless 
crystalline neutral compound, obtained as 
a metabolic product of Penicillium griseo- 
fulouum dierckx, with the empirical for- 
mula C,;H,,O,Cl. In 1946 Brian and col- 
leagues* obtained a substance from P. janc- 
zewskii which they called the “curling fac- 
tor” because of its ability to distort the 
normally straight hyphae of fungi. Some 
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years later Grove and associates’ solved 
the chemical structure of griseofulvin and 
showed that Oxford’s and Brian’s sub- 
stances* were identical. In 1956 Aytoun’s! 
in vitro experiments showed that griseoful- 
vin decreased the rate of growth of Botrytis 
(a genus of fungi which attack plants and 
insects) and caused abnormal branching 
and loss of rigidity in the fungal tips. In 
vivo, B. tulipae was unable to penetrate the 
cell membrane of the tulip stem when the 
plants were watered with griseofulvin. The 
penetration of onion epithelium by B. allii 
was delayed in the presence of griseofulvin. 


*While griseofulvin is an antibiotic derived from sev- 
eral species of penicillia, there appears to be no immuno- 
logic cross-reaction between it and penicillin. 
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Gentles* experimentally infected guinea 
pigs with Microsporum canis and Tri- 
chophyton mentagrophytes. Ten days 
later he treated the animals with griseo- 
fulvin, with good results. Griseofulvin was 
also effective in curing T. verrucosum in 
cattle that had been experimentally 
infected. 

Paget® discussed the cytologic effects of 
griseofulvin which in rats resembled those 
of colchicine. The intravenous minimum 
lethal dose in rats is 400 mg. per kilogram. 

Riehl,!° an Austrian dermatologist, was 
the first to use griseofulvin in humans. He 
reported excellent results, without toxic re- 
actions, in 15 patients who had received 
griseofulvin for superficial fungal infections. 
Williams and colleagues!* pioneered in the 
use of this drug in England. Patients with 
T. rubrum were clinically free from infec- 
tion after 2 to 3 weeks of treatment with 
500 mg. griseofulvin four times daily. A 
case of tinea capitis due to M. audouini 
was cleared in 3 weeks. Gentles and col- 
leagues® assayed the hair of experimentally 
infected guinea pigs which had received 
griseofulvin and found fungistatic levels 
of the drug. These investigators suggested 
that griseofulvin had been deposited in the 
keratinous layer of the epidermis and pos- 
tulated that it was taken up by the hair as 
it grew out. 

Blank and Roth? reported that griseo- 
fulvin is markedly effective in Trichophy- 


ton infections. Patients with blastomycosis 


or infections due to Malassezia furfur or 
Candida albicans did not respond. One of 
the 31 patients in their original series de- 
veloped an urticaria-like reaction appar- 
ently due to the drug. 
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Goldfarb and Rosenthal*® observed that 
fungal infections of the glabrous skin re- 
sponded especially rapidly; significant im- 
provement often was observable 4 days 
after the start of treatment. Headache dur- 
ing the first few days of therapy occurred 
with some frequency but this effect dis- 
appeared spontaneously despite continued 
administration of griseofulvin. 

Sulzberger and Kopf?! call attention to 
the reported ineffectiveness of topical ap- 
plications of griseofulvin in the concentra- 
tions employed to date (up to 5 per cent). 
These authors also stress the importance 
of confirming a clinical diagnosis of fungal 
infection by microscopic examination and 
culture since griseofulvin is not effective 
against nonfungal dermatoses which clin- 
ically may resemble dermatomycoses. 

Numerous additional clinical studies 
with griseofulvin have now been reported. 
The drug is dependably effective against 
superficial fungal infections caused by spe- 
cies of Microsporum, Trichophyton, and 
Epidermophyton, but is not effective 
against Candida or against the organisms 
which cause systemic mycoses. Infections 
of the hair or glabrous skin usually clear 
rapidly. Tinea unguium also responds to 
griseofulvin but treatment usually must be 
continued for several months while the 
parasitized nail grows out and is replaced 
by noninfected nail. 

At an international symposium on griseo- 
fulvin and dermatomycoses sponsored by 
the University of Miami in October, 1959, 
continued experience with griseofulvin was 
reported by many of the original investi- 
gators. The drug appears to be of great 
value in the treatment of all cases of tinea 
capitis, in tinea unguium caused by T. rub- 
rum, and in most cases of tinea corporis. 
The results in tinea pedis are variable and 
relapses sometimes occur. 

Development of mycotic resistance to 
griseofulvin has been reported to occur in 
cultures but apparently does not occur 
clinically. Most cases of relapse are due to 
premature discontinuance of the medica- 
tion. Administration should be continued 
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for some weeks after clinical cure is ob- 
served and until all laboratory tests are un- 
equivocally negative. 

Griseofulvin is absorbed from the upper 
gastrointestinal tract and deposited in the 
dermal cells. The optimal concentration of 
the drug in the circulating plasma _ is 
reached approximately 6 hours after inges- 
tion. As the dermal cells approach the epi- 
dermal layer and become keratinized, they 
retain a sufficient quantity of griseofulvin 
to inhibit reproduction of the fungi. Thus 
the parasites are confined to the previously 
infected layer which is ultimately shed and 
replaced by new noninfected tissue. Griseo- 
fulvin is recoverable from skin, liver, fat, 
muscles, feces, and urine. 


Method 


Griseofulvin* was administered to 166 
patients with fungal infections of the hair, 
nails, or skin. The clinical diagnosis was 
confirmed by microscopic examination in 
most cases and in some cases the infecting 
organism was identified in culture. The ini- 
tial dose was usually 1,000 mg. daily in four 
divided doses; occasionally higher attack 
doses were used. Dosage was gradually re- 
duced until a maintenance leve! of 125 to 
250 mg. daily was reached and continued 
for 2 to 6 weeks after there was clinical 
and laboratory evidence of cure. 

The study was begun in April, 1959; in- 
dividual patients have been under continu- 
ous treatment and observation for as long 
as 6 months. 


Results and conclusions 


Cures or major improvement occurred in 
109 cases (66 per cent) after periods of 
treatment ranging from one to 25 weeks. 
Moderate or slight improvement occurred 
in 32 cases (19 per cent). Twenty-five pa- 
tients (15 per cent) did not benefit. The 
best results with griseofulvin therapy were 





*A supply of griseofulvin (Fulvicin) was provided for 
this study by G. Kenneth Hawkins, M.D., of the Division 
of Clinical Research, Schering Corporation, Bloomfield, 
New Jersey. 
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obtained in the cases of tinea of the skin 
or hair due to species of Trichophyton, Mi- 
crosporum, or Epidermophyton (Table I). 

Of the 19 patients who showed no im- 
provement, 6 had tinea unguium and had 
been treated for one to 10 weeks. Since 
treatment for 9 months or more is required 
in this indication (because of the time nec- 
essary for new nail to grow out), it is pos- 
sible that these patients, who are being 
continued on griseofulvin, will respond in 
the future. In 8 other cases the infecting 
organism was not identified. Two patients 
with T. tonsurans infections did not im- 
prove after 6 weeks of treatment and 2 with 
T. rubrum infections failed to respond 
after one and 6 weeks. One patient with a 
C. albicans infection had been treated for 
one week. Griseofulvin was discontinued in 
patients whose fungal infections were due 
to C. albicans since our own experience, 
as well as that of other investigators, has 
shown that the drug is useless in this 
indication. 

Of the 6 patients who became worse 
during therapy, 2 were infected with C. 
albicans and in the other 4 the organism 
was not identified. It is likely that these 
patients also had C. albicans infections. 

The side effects of griseofulvin therapy 
are summarized in Table II. Headache 
was the most frequent complaint (5 pa- 
tients) but usually disappeared spontane- 
ously after a few days. Other untoward re- 
actions, which were infrequent, were re- 
versed when dosage was reduced if they 
had not disappeared spontaneously. One 
patient who had been receiving very low 
doses of griseofulvin, required increased 
dosage to control a new focus of infection. 

There was a recurrence or relapse of the 
fungal infection in 5 cases, usually after 
(perhaps premature) discontinuance of 
the drug (Table III). Dosage was increased 
in one case and resumed in another; the 
other 3 patients were treated with topical 
agents. 

While griseofulvin has an_ excellent 
safety record to date, the relative brevity 
of its use in man and the relatively small 
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total number of fungous infections treated 
make it impossible to be certain that some 
unusual instances of ill effects will not be 
found in the future. We cannot be certain 
that it does not cause delayed ill effects or 
ill effects on very long-term administration. 
For the same reasons, it is as yet impossible 
to state that no griseofulvin-resistant strains 
of fungi will eventually emerge. 


Addendum (March, 1960) 


As time passes we are beginning to see 
our “clinical cures” returning with the 
original infection. This brings up the ques- 
tion of relapse versus reinfection. Any dis- 
tinction between relapse and reinfection 
in dermatophytosis would have to be based 
on arbitrary clinical and laboratory criteria. 
In hyperkeratotic areas (palms, soles, and 
around the nails), where clinical infection 
may be inapparent or where “dormancy” 
may exist, relapse is probably the rule when 
there is a recurrence of the clinical disease. 
This is probably also true to a lesser extent 
in moist intertriginous areas, though here 
careful objective examination would prob- 
ably reveal low-grade clinical infection 
even when the patient considers himself 
well. Also classified as relapses are those 
cases that get worse (after an initial marked 
improvement) while on maintenance ther- 
apy. Some of these are probably due to in- 


Table II. Untoward reactions 


No. of | Daily dosage 
(mg. 


Type of reaction patients 
Headache 

Generalized pruritus 

Flatulence 

Lethargy 

Epigastric distress 


1 ’ 
750-1, 
250-1, 

1 ’ 
750-1, 


750-1, 
i, 
1, 
1, 


Vesicular eruption 

Nausea 

Periorbital edema 

“Night sweats” 

New focus of fungus infection 
Id reaction 

Moribilliform eruption 


2, 
1, 


) 


000 
000 
000 
000 
000 


000 
000 
000 
000 
250 
000 
000 
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sufficient dosage or to incomplete “cures.” 
However, most of these will again improve 
on a higher dose level. It is possible that in 
such cases indefinite use of griseofulvin 
may be necessary to keep the fungal infec- 
tion in check. Obviously, this is not a de- 
sirable situation. 

Reinfection would refer to those “clin- 
ically cured” patients who develop mani- 
festations of the disease after terminating 
the use of griseofulvin and in whom labora- 
tory studies reveal a different organism. Re- 
infection with the same organism should 
be demonstrable in the hair and on the 
glabrous skin of people with a “normal” cu- 
taneous surface. This reinfection may still 
be in a sense endogenous since it could 
come from areas where “total cure” has not 
yet been achieved. 

It is well to recognize in evaluating any 
method of therapy of dermatophytosis that 
clinically recognized fungus infection of 
the skin is due essentially to a lack of de- 
fense by the host to the fungus. Since this 
lack of defense, whether it be immunologic 
or allergenic or enzymatic in nature, is one 
that we cannot evaluate and since we do 
not know where and how the patient’s kera- 
tin becomes inoculated with the pathogenic 
organism, it is much too early to discuss 
“permanent cures” of dermatophytosis. 

Since the material for this presentation 


Management 


Rapid spontaneous disappearance; dosage reduced 

Dosage reduced 

Dosage reduced in 2 patients; discontinued in one 

Dosage reduced 

Rapid spontaneous disappearance in one patient; 
dosage reduced in one 

Spontaneous disappearance in 5 days 

Spontaneous disappearance in 2 days 

Spontaneous disappearance in 3 days 

Dosage reduced 

Dosage doubled 

Patient lost to follow-up 

Dosage reduced 
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Table III. Recurrence or relapse 


Case 
Tinea cruris (J. rubrum) 
Tinea cruris (undetermined) 
Tinea manuum (T. mentagrophytes) 


Tinea manuum (T. rubrum) 
Tinea pedis (7. rubrum) 


Occasion 





Two months after cessation of oral 
therapy 

Several months after cessation of 
oral therapy 

During treatment with 250 mg. 
griseofulvin daily 

Upon cessation of oral therapy 

Two months after cessation of oral 
therapy 


Table IV. Additional recurrence or relapse 


Case 
Tinea pedis (7. rubrum) 


Tinea pedis (undetermined) 
Tinea pedis (undetermined) 


Tinea pedis (undetermined) 
Tinea pedis (undetermined) 
Tinea pedis (undetermined) 


Tinea pedis (7. rubrum) 

Tinea pedis (7. mentagrophytes) 
Tinea pedis (7. mentagrophytes) 
Tinea cruris (undetermined) 
Tinea cruris (7. rubrum) 

Tinea manuum (7. rubrum) 


Tinea manuum (7. mentagrophytes) 
Tinea corporis (undetermined) 


Occasion 


Immediately after cessation of ther- 
apy 

10 weeks after cessation of therapy 

Immediately after cessation of ther- 
apy 

During treatment with 250 mg. daily 

6 weeks after terminating therapy 

During treatment with 250 mg. daily 


One month after cessation of oral 
therapy 

3 months after cessation of treatment 

6 weeks after cessation treatment— 
clinically well but positive lab- 
oratory findings 

During treatment with 250 mg. daily 


Immediately after cessation therapy 
During treatment with 250 mg. daily 
During treatment with 125 mg. daily 
2 months after cessation treatment 


Management 


Topical therapy 
Topical therapy 
Dosage increased to 1,000 mg. daily 


Oral therapy resumed 
Additional oral therapy refused by 


patient 


Recurrence or relapse 





No effect on 500 mg. daily 


Topical griseofulvin 
No effect on 750 mg. daily 


3 grams once every 3 weeks 

Topical treatment 

Dosage increased to 375-500 mg. 
daily 

Local treatment 


Oral griseofulvin started again 
Local therapy 


Local therapy plus increased dos- 
age 

No treatment 

Increased dosage plus local therapy 

Local therapy 

Local therapy 





was assembled late in 1959, we have ob- 
served relapses in 19 patients (11 per cent) 
in this series (see Tables III and IV). In 
addition, we have under our care 2 sisters 
with tinea capitis due to M. canis who thus 
far have not been cured with griseofulvin 
in any of the customarily used dosages. 
In a few “clinically cured” cases of tinea 


‘pedis and tinea manuum we are still able 


to find hyphae on direct slide or grow a 
dermatophyte from the hyperkeratotic skin. 
Relapses occurred in 19 per cent of tinea 
pedis cases either during or after taking 


the drug. Thirteen, three, and twenty per 
cent, respectively, are the reported ob- 
served recurrence rates of tinea cruris, tinea 
corporis, and tinea manuum in our series. 
Approximately one-fourth of the cases 
caused by T. rubrum and T. mentagro- 
phytes returned clinically. 

Though griseofulvin has already proved 
itself to be an excellent aid in the control 
of and the relief from many types of super- 
ficial mycotic diseases, it has not yet in 
the dosages used solved the problem of 
dermatophytosis. 
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Treatment of chronic granulocytic leukemia 


with the 6-substituted purines 6-mercaptopurine, 


thioguanine, and 6-chloropurine 


Observations were made on 33 adults with chronic granulocytic leukemia who were 


treated with one of the 6-substituted purine analogues 6-mercaptopurine, 6-chloropurine, 


or thioguanine. Twenty-five of the patients improved on therapy, the responses lasting 
from 2 to 69 months. Maintenance therapy was usually necessary to achieve prolonged 


responses. Seven of the eight failures occurred among the 10 patients in a late stage of 


the disease. 


The effects of these purine analogues and busulfan were compared. The short-term and 


long-term therapeutic results and the ease of administration of the two types of compounds 


were similar. The purine analogues, however, occasionally produce remissions in the blastic 


stage of chronic granulocytic leukemia. Therefore, it is suggested that the chemotherapeutic 


agent employed initially should be an alkylating agent, with 6-mercaptopurine used 


sequentially when the patient becomes less responsive to treatment. 


Rose Ruth Ellison, M.D., and Joseph H. Burchenal, M.D. New York, N. Y. 
Division of Clinical Chemotherapy, Sloan-Kettering Institute for Cancer Research, 


Department of Medicine, Memorial and James Ewing Hospitals, New York, 


and Cornell University Medical College 


A variety of methods capable of depress- 
ing bone marrow function have been used 
in the management of chronic granulocytic 
leukemia: radiotherapy and radioactive iso- 
topes, polyfunctional alkylating agents, col- 
cemid, urethan, and Fowler’s solution. Prior 
to the study of 6-substituted purine ana- 


These studies were supported by research grants C1889 
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National Institutes of Health, U. S. Public Health Service, 
and by institutional grants from the American Cancer So- 
ciety, the Damon Runyon Memorial Fund for Cancer Re- 
search, the Lasker Foundation, the Grant Foundation, and 
the Black-Stevenson Fund. 

Received for publication June 20, 1960. 


logues such as 6-mercaptopurine, available 
antimetabolites were not found useful. The 
folic acid antagonists, although effective in 
the treatment of acute leukemia in children, 
are not of practical benefit in chronic gran- 
ulocytic leukemia. Aminopterin or ame- 
thopterin (Methotrexate) may cause de- 
pression of the total leukocyte count and 
concomitant decrease in liver and spleen 
size, but this usually occurs at the time that 
oral ulcerations, indicative of toxicity, ap- 
pear, necessitating cessation of therapy.” 
2,6-Diaminopurine caused repeated satis- 
factory responses in 1 patient with chronic 
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Fig. 1. Formulas of the physiologic purine, adenine, and 6-substituted purine analogues which 


act as antimetabolites. 


granulocytic leukemia, but 8 others devel- 
oped severe gastrointestinal symptoms from 
the drug without a therapeutic response.” 

After finding that the purine analogues 
6-mercaptopurine (6MP), thioguanine (TG), 
and 6-chloropurine (6CP) (Fig. 1) pro- 
duced remissions with some degree of reg- 
ularity in adults as well as children with 
acute leukemia,*:*:5 these antimetabolites 
were tested in patients with chronic leu- 
kemia. Although no therapeutic effect was 
observed in those with chronic lymphatic 
leukemia, most of those with chronic gran- 
ulocytic leukemia were substantially bene- 
fited by treatment with one of these 
agents.*° This report deals with our ex- 
periences in 33 adults with chronic granu- 
locytic leukemia in whom long-term ther- 
apy with 6MP, 6CP, or TG was attempted. 


Case material and methods 


The data being reported concern 33 
adults with chronic granulocytic leukemia. 
This was a heterogeneous group since 7 had 


received no treatment prior to this study 
and the others had been treated for periods 
ranging from 1% to 99 months. Five were 
in a blastic stage of the disease when treat- 
ment was started. Fig. 2 and Table I give 
details about the length and type of preced- 
ing treatment as well as the responsiveness 
to other therapy and the general clinical 
status of the patients at the time the purine 
analogues were started. 

There was great variability in the doses 
of each of the three drugs used. Part of the 
variation resulted from attempts to deter- 
mine the optimal dose for each patient. In 
addition, many of these drug trials were 
started before the tolerated dose of these 
agents was known. Thus, the daily dose of 
thioguanine initially used was one-twen- 
tieth of that ultimately given. As more was 
learned about these agents, the usual start- 
ing doses in this group of patients were 
6MP, 2.5 mg. per kilogram daily; TG, 2 
mg. per kilogram daily; and 6CP, 15 to 20 
mg. per kilogram daily. , 
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Fig. 2. Course of patients with chronic granulocytic leukemia treated with one of the purine 
analogues 6-mercaptopurine, thioguanine, or 6-chloropurine, depicting treatment and duration 
of disease. 





linical Pharmacology 
and Therapeutics 


’ 
4 


C 


xy 4Jo1e ‘owl Z 
MOLIVU IIseIG padojaaIq 

d1}se][q JOU 

3nq XY 310Jaq paseatd 


-ap ‘q3yx{, pure sjajeieg 


xy Joye ‘ow % 
MOIIeUL IISeIGq padojeasq 


xy 3ulinp 
MOLIeW INseIq pedojaasq 


uejjnsng 0} asuodsai ON 
uejjnsng pue Aei-x 0} 

gsuodsai sey Juanbasqnsg 
uejjnsng 

0} asuodsa1 Juanbasqns 


uvyjnsng 0} asuodsai oN 


ABI-X 0} asuodsal YSIS ¢ 
ueyjnsng 

0} asuodsai juanbasqnsg 
ueyjnsng 

01 asuodsai juanbasqnsg 


sjajareyd ‘q3p}—ADIxo | 


ped 
— 
9S1NOD Puodas ‘sj}a]a}e/d 
—A}I9IXO} 9SINOD SII 
XY UO paseaiDap 
‘q3} pur pasvaioul Dg M 
paseaivep 
sjajayejd pue DqaM 
YUM MOLIeUI Je[N]JII0dA Py 
(peseatoul 
jou asop) B3uIslI AGM 


sjajayejd ‘qsyy—ADIxo | 


sjajayejd “q3py—A}19Ixo | 
sjaja}ed “q3sy ‘ao1punef 

—A}IDIxX0} ‘asop paseaiouy 
asop Bul 

-SeaidUl sasinbad {xy uO []NS 
asop 

paseaioul 0} asuodsai ON 
asop 

paseaioul 0} asuodsai ON 


"q3H—ANSIXO | 


991M} AN-MOT[OJ 0} SO'T 


F poor) 


QUuON 


4 


61 Peed 


% ST poop 


aUuON 
¢ Hey 
9 poosy 


9 poo 
o% E ley 
‘% 1Z poor 
HET Hes 
‘4 81 poop 
OT Arey 
"% LZ poop 


% $7 pood 
% 6 poop 
13119q 


40 Hey ¢ 


(ou) 


Ho 


(om) xy 


dWN9 


dW9 


DL ‘dN9 
dwW9 

DL ‘dW9 
dW9 
dIN9 ‘dD9 
OL “dd9 
dW9 
dWN9 
dW9 


dD9 ‘dIN9 


pasn 


sautandg 


Ae1-X 


ARI-X 


ueyjain 
‘UONNIOS S19] MOF 


Aei-X 


WAL 
‘ueyjoin ‘AeI-X 


auLiasezy 


ueyiaiy 


(B1dA 
elUayIAIK]Od pamoyjo.f) 


ango]DUD aurang 
Buinuyuorstp 40f Uosvay 


uoupénp 
pun aassap 
—asuogsay 


aurang 
uouDvanp 
1270 T 


Bi poead juaujvad snoiaady xag | aay “ON 
Kjayprpauutr ' asp) 


xy 0] asuodgsay 


squaMMoy) angojDUuD 


aUulan 


Ellison and Burchenal 


autindo.ojy9o-9 40 ‘auupnsory} ‘aursndojdvaiaw-g YN pajwas mwuayna, Ih20j;nuDIZ JUOLYyI YYW SjuaiDwd "JT FQVy, 


634 





635 


Volume 1 


3 
S 
4 
> 
o 
— 
S 
— 
> 
So 
— 
= 
= 
> 
oO 
= 
= 
S 
MN 
= 
S 
— 
S 
~~ 
= 
X 
$ 
S 
SN) 
= 
| 


Number 5 


xy JO 11R\s 7® ONseIg 


xy jo 11R}S 3B ONseIg 
xy Jo 11e]s Je ONseIG 
Jie}s Je ONseIq ‘asuods 
-a1 ou ‘paseaiep JAM 
xy jo WeIs Je ONselg 
xy Surnp 
MO1IBU IINSeIG padojaasq 


JOIe] “YM ¢ Paid 
JOE] “YM T Pr 


J9qe] “YM T paid 
xy Surinp 
IseIq poolq [esaydiag 
onseiq OU 
nq XY s40jJaq pasvaid 
-ap “q3yZ «pure $sjajaIe[g 
asuodsai 
es ¢ Vda LOAL 
xy Surinp 
paseaioul ‘xy a10jaq 
‘ose[q ApYySYys Moey 
asuodsal 11Rj 
—urjjnsng pue sueuoN 
MOIIEW JOU 
‘aI}se[q poojq [esaydiag 
xy Joie ‘our % 
MO1IBU ITYSPIG padojaasq 
onse{q poojq 
jessydisad ‘paddojs 
xy usyM asdeyal aAlsojdxy 


MOLIVU IINSeIG padojaAaq 


peld 
uo! BoIpeul 
B10 s9yIIN] pasnjay 


Pad 


PHC 
perp ‘paises ua OONsjy 


ped 

aoipunel ¢ 

‘sjajaieyd “q3y 
—A}IDIX0} Sasop paseaiduy 


xy uo pasdeiay 
sjajaq eid 


—AIDIXO} ‘asop paseaiduy 


pap :xyy uo pasdejay 


XY UO 9s01 Udy) ‘]9J DAM 
sjajayeyd ‘q31y—ADIxo], 


asuodsa1 jno 
-YUIM MOIIEW Ie[N]JIOdA Py 


*q3yY ‘siajayejd—A}I9Ixo | 
juawaAoid 
-UWI JNOYIIM paseadap DIM 


sjajaieyd ‘q3spy—AdIxo |], 


Sjajayej]d—A}IDIxo] ¢ 
sasodind Apmis 


paseai9ap DEM 
pue sjajajejd !xy uo aso 


aUuON 


z uey 
¢ 4ey 


aUuON 
auoN 


KL ueq 


4g aej 
‘TT poor 


OT poor 
% IT arey 
‘TI poory 
q 1ey 
duoN 


B4o Arey 
‘6 poor) 


ouoN 


q ey 


dUON 

24g Ay 
‘99 poor) 

¢ Arey 
‘¢ poor 


249 sey 


| 


dW9 


dW9 
dW9 


dW9 
dW9 


dD9 ‘dIN9 


DL ‘dW9 
dIN9 
d9D9 ‘dIW9 


dW9 


dW9 


DL ‘dN9 


dW9 
dW9 
dW9 
dW9 
dW9 
dW9 


dW9 


(Sulsevaioap) Ie y 


poor) 


Ale 


eg 


poor 


(Sulsvalzap) sey 


(Suiseaidap) 100g 


(Suisvaizap) 100g 
(Suiseai9ap) 100g 


(Sulseaidap) 100g 
100g 


BUISvIIIE 
BUISVIIIIP) 100, 


(Sulseaizap) 100g 


100g 


poor) 


PYISPIIDIP So] 


-a}e]d jnq poor 


ey 


C 


uoljnyjos 
S Ja]MOy ‘ALL ‘API-xX 


Ael-X 


ueyynsng ‘WAL 
uorjnyjos 


S$ Ja]mMog ‘ABI-X ‘AL 
uevjjnsng ‘Ael-x 

WALL ‘ed ‘von 
-njos $s Ja]MOy ‘AeI-X 

ueyinsng ‘qyvd-9 ‘Z 
‘soyoyrnue ‘7NH 

ABI-X ‘eq ‘UOl 
-NjOs S Ja] MO ‘uUeYIII—) 


Ati-x ‘ueyias/) 


ueyjain ‘AeI-X 


‘ 


WAL ‘AP4-X ‘eed 


AetI-X 


AvI-X “ed “HLOV 
Ae1-X 
WAL 


sk r 
zd “4 e1-X 


aueuou ‘ARI-X 
Aei-x ‘ueyialy) 


WAL ‘API-X 


W 


W 
W 


A 









636 Ellison and Burchenal 


There was variability also in the pattern 
of therapy once a response was obtained 
(Fig. 2). At first, treatment was stopped as 
soon as the leukocyte level began to fall 
and was not restarted until relapse oc- 
curred. Intermittent treatment did not usu- 
ally prove successful, however, because of 
the rapid relapses and the lag period be- 
fore another response was obtained. There- 
fore, as experience with these agents in- 
creased, patients were more often kept on 
the medication continuously, titrating the 
dose against the patient’s leukocyte level. 
Most of the patients in good or fair condi- 
tion clinically were treated on an outpatient 
basis. They were seen weekly until the dis- 
ease responded and then were followed at 
2 to 6 week intervals. 

A patient was considered to have a good 
response when, in addition to a fall in leu- 
kocyte level to normal, the hemoglobin and 
platelets became normal (if previously ab- 
normal), the liver and the spleen were no 
longer palpable, and the patient had no 
symptoms referable to the disease. (In a 
few cases in which the disease had been 
present for prolonged periods, the response 
was rated as good, even if the liver and 
spleen were still palpable, if these organs 
had shrunk significantly.) Inclusion of a 
case as showing a fair response implied a 
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fall in the white count and subjective im- 
provement with maintenance of hemoglobin 
without transfusions but at a slightly anemic 
level, significant but often not marked de- 
crease in liver or spleen size, and possible 
persistence of some symptoms. Marrow as- 
pirations were done regularly only in the 
patients known to have or suspected of de- 
veloping a blastic stage. 


Results 


Incidence of responses. Twenty-five of 
the 33 patients improved on therapy with 
6-substituted purine analogues, 16 with a 
good response and 9 with a fair response 
(Table IT). 

Twenty-two of the 23 patients who were 
in good or fair clinical condition at the 
start of treatment with a purine analogue 
responded. The 1 patient in this group (see 
case 10) who did not respond to 6MP had 
had only fair response to the preceding 4% 
months of treatment with triethylene mela- 
mine. She was anemic at the start of 6MP 
therapy, but the platelet count was normal 
and the marrow aspirate was not blastic. A 
blastic picture with thrombocytopenia de- 
veloped during treatment with 6MP. | 

Ten patients were in poor clinical con- 
dition before the purine analogue was 
started—5 who showed a blastic picture, 2 


Table II. Response of chronic granulocytic leukemia to 6-mercaptopurine, thioguanine, and 


6-chloropurine 


Response to therapy with purine analogues 


Total Patient's condition when , 
No. of treatment was begun Good Fair 
patients } -— ——————) | iV one 
> 1 yr. | 6-12 mo. | <6 mo. | 6-12 mo.| <6 mo. 
6 Good 2 1 = 
17 Fair 3 2 3 1 
Poor 
3 Platelets low but marrow not 
blastic 3 
2 Became blastic during therapy, 
platelets normal initially 1 1 
5 Blastic phase, platelets low 2 3 


*Patient did not return to clinic for adequate follow-up on treatment. On two separate occasions returned in relapse 
after a 7 month interval during which she had been asymptomatic. 5s 
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who developed a blastic picture shortly 
after the start of 6MP therapy, and 3 who 
had thrombocytopenia and anemia at the 
start of 6MP therapy without a blastic mar- 
row. Only 3 of these 10 patients improved 
briefly after treatment with the purine an- 
alogues. 

Duration of therapy and dose of purine 
analogue prior to response. In 28 patients, 
6MP was the purine analogue used first. 
During the first course of treatment, the 
fall in the leukocyte count to below 20,000 
per cubic millimeter occurred from 1% to 
12% weeks after initiation of therapy (mean, 
4.3 weeks; median, 3.2 weeks). There was 
a wide range in the total dosage required 
to produce the leukocyte fall in various pa- 
tients (27 to 163 mg. 6MP per kilogram; 
mean, 63; median, 46). Early in the course 
of treatment of an individual with repeated 
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administration of the drug, approximately 
the same total dose was required each time 
to produce the desired effect (Fig. 3). Sim- 
ilar time intervals were required for re- 
sponse to the two other analogues. 
Duration of response with intermittent 
therapy. When treatment was discontinued 
or an inadequate maintenance dose was 
used, a rise in the leukocyte count usually 
occurred rapidly. While there was a range 
of 1% to 46 weeks before relapse occurred, 
there were only 5 courses of therapy (of 
53 instances in which they could be fol- 
lowed after the drug was discontinued ) 
where the response continued for more than 
6 weeks after the drug was stopped (these 
5 responses lasted for 8, 10%, 13, 22, and 46 
weeks, respectively, without therapy). The 
mean duration of continued remission off 
therapy in the entire 53 courses was 5 
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Fig. 3. Intermittent therapy with 6-mercaptopurine. Each patient treated this way responded 
(early in the course of therapy) to approximately the same total dose of the drug each time. 
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Fig. 4. More prolonged therapy required for the production of a response in later courses of 
treatment in a patient receiving 6-mercaptopurine intermittently during a period of 19 months. 


weeks, while that excluding the 5 responses 
mentioned above was 3.4 weeks. The me- 
dian time of relapse after all 53 courses was 
3.2 weeks. 

The patients who showed the most pro- 
longed periods of response without main- 
tenance therapy (see cases 18, 12, and 13) 
did not show a similarly prolonged re- 
sponse on subsequent therapy, in that they 
relapsed in 6 weeks or less off therapy. In 
case 12, the 22 week response was pre- 
ceded by severe thrombocytopenia and sub- 
sequently, therefore, smaller doses were 
used. 

Total duration of responsiveness. As 
noted earlier, 23 of the nonblastic patients 
responded to therapy. In these patients (ex- 
cluding the one referred to in case 1, where 
the length of response is not definitely 
known ) the total duration of responsiveness 
(after the initial time necessary to produce 
improvement) varied from 2 to 69% months 
with a mean of 16 months and median of 
9% months. The 2 patients with blastic mar- 
row who improved responded for 2 and 5 
months, respectively. 

As treatment of an individual continued 
over prolonged periods, a greater dose was 
occasionally found to be necessary for pro- 


duction or maintenance of a response. This 
phenomenon was manifested either by a 


need for longer treatment with a higher 
dose in those being handled with inter- 
mittent therapy (Fig. 4) or by a need for 
a higher daily dose in those treated con- 
tinuously (Fig. 5). 

Termination of therapy. The reasons for 
discontinuing the purine analogues in these 
patients are outlined in Table III. One pa- 
tient is still being treated (see case 5). It 
can be seen that hematologic toxicity with 
hemoglobin and/or platelet depression was 
a limiting factor in 15 of the 25 responsive 
individuals. In 5 of these (whose responses 
had lasted 2, 4, 7, 15%, and 694 months, re- 
spectively ) the appearance of hemoglobin 
or platelet depression may have been re- 
lated in part to the development of the 
blastic phase of the disease. While 4 of 
those who developed signs of toxicity were 
requiring increased daily doses at the time 
for control of the leukocyte level, the others 
were receiving the dose previously toler- 
ated. The patient in case 12, who developed 
thrombocytopenia without bleeding 22 
months after the start of treatment with 
6MP, previously had severe thrombocyto- 
penia with bleeding after 3% months of 
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treatment at 1.3 to 2.6 mg. per kilogram 
daily. After recovery from this early hema- 
tologic depression, she did well on 1.2 mg. 
per kilogram daily without recurrence of 
depression for 10 months. 


Seven of the 10 patients who showed 
hematologic depression after 3 to 27 months 
of treatment without developing a blastic 
picture had recovery of platelet and hemo- 
globin levels. One patient (in case 27, 
treated 19 months) had a return of the 
platelet count to normal levels, but anemia 
persisted associated with gastrointestinal 
bleeding. He died of massive gastric hemor- 
rhage 3 weeks after 6MP was discontinued 
and was found to have portal cirrhosis. An- 
other patient (see case 4) also had return 
of the platelet count to normal. The hemo- 
globin level slowly rose toward normal, 
‘but only after irradiation to the spleen. 
Interestingly, this patient had had a marked 
fall in hemoglobin and platelets early in the 
course of treatment while receiving 1.2 to 
2.5 mg. 6MP per kilogram. The later de- 
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pression was not to the same degree and 
did not occur until greater daily doses were 
required (Fig. 5). The tenth patient (in 
case 25), who had mild to severe thrombo- 
cytopenia for the last 14 months of his life, 
died of intracranial hemorrhage 1 week 
after the last dose of 6CP. 


Follow-up after termination of purine 
analogues. After the purine analogues were 
discontinued, alkylating agents were given 
to 11 patients, 6 of whom responded (3 
good responses—in cases 2, 3, and 7; 3 fair 
responses—in cases 8, 20, and 22) for peri- 
ods of up to 2 years. 

Toxicity. Other than the hematologic de- 
pressions described, toxic manifestations 
were not usually severe enough to limit 
administration of these drugs. The four 
main effects were gastrointestinal irritation, 
hepatic abnormalities, -uric acid elevation, 
and skin rash. 

Anorexia or nausea and vomiting oc- 
curred in 10 patients but was mild. Mouth 
ulcers or a sore tongue developed in 5 pa- 
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Fig. 5. Gradual increase in the daily total dose of 6-mercaptopurine required during prolonged 


therapy. 
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tients. In 3 of these, however, the patients 
were in an acute stage of the disease and it 
was difficult to ascribe the ulcerations solely 
to the therapy. In the other 2, the abnor- 
malities occurred at the time of hemato- 
logic depression. Diarrhea was observed 
several times (but not on all occasions ) in 1 
patient when she received 4 mg. TG per 
kilogram per day. 

Evaluation of hepatic function is compli- 
cated. In 22 patients, jaundice was not ob- 
served clinically. However, at least 9 of the 
22 developed liver function abnormalities 
other than jaundice during or after the 
treatment with purine analogues. These 
changes were predominantly in the alka- 
line phosphatase levels and the prothrom- 
bin time and persisted until death in 5 pa- 
tients. Ten patients developed elevated 
serum bilirubin levels (above 1 mg. per 
cent) during or after therapy. In 1 the 
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jaundice cleared while still on the drug and 
in 2 after the purine analogue was discon- 
tinued. One patient was found to have 
portal cirrhosis. In the other 6, jaundice ap- 
peared less than 1 week before death, asso- 
ciated with septicemia in 1 case. The liver 
function abnormalities of 1 patient who 
was jaundiced before therapy decreased 
during the course of treatment. 

Serum uric acid levels were followed 
throughout the early period of treatment 
in 14 patients (the other 19 were checked 
sporadically ). In 10 of the 14, as the leuko- 
cyte count fell, the serum uric acid value 
was unchanged or, if elevated before treat- 
ment, fell to normal levels. Three patients 
had transient slight elevations of serum uric 
acid (4.9 to 6.5, 3.6 to 6.9, and 7.0 to 11.9 
mg. per cent) while in a fourth (see case 
16) the level rose from 8.7 to 22.6 mg. per 
cent during the first 3 weeks of treatment 


Table III. Reasons for_discontinuing purine analogues 


No. of Reason 
patients 


Responsive 
patients 
4 Relapsed on therapy and died 
1 WBC rose despite continued 
therapy at same dose 
j WBC rose despite continued 
therapy at increased dose 
Dose necessary to control WBC 


caused hematologic depression 


Hgb. and platelets 
Hgb. alone 
Platelets alone 
Study purposes 
Did not return to clinic 
Refused oral medication 


Nonresponsive 
patients 


2 WBC decreased without response 


2 Hypocellular marrow without 
response 
4 Died 


Treated with alkylating 


Blastic stage 


Developed dur- 
ing therapy or 
shortly after 
patient no longer 
responded to 
purine 


agents subsequently 
Before 
therapy 
Total No. started 
No. responding 
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Table IV. Relationship of survival time to status at start of therapy with purine analogues 


No. of patients 
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Duration 


From onset of 


From start of 6MP 
No. o who responded 
Category io to me P symptoms to death therapy to death 
in (mo.) (mo.) 
group* Good Fai 
v9 ied Range Median Range Median 
response | response 


Previously untreated 8 6 


Previously treated, apparently still 6 6 
responsive to irradiation or 
alkylating agents 


Previously treated, only fair re- 8 3 
sponse to irradiation or alky- 
lating agents initially, or de- 
creasing responsiveness 


Previously treated, poor response 8 
to irradiation or alkylating 
agents initially, or had reached 

stage of poor responsiveness 


and then fell to 6 mg. per cent. Two subse- 
quent courses of therapy in this patient did 
not produce this elevation. 

Three patients developed generalized 
rashes and 1 a localized reaction during 
treatment with 6MP. In 1 of these, a diag- 
nosis of dermatitis herpetiformis was made 
and the course of the rash seemed to be re- 
lated to the status of the leukemia rather 
than to treatment. The second patient had 
an urticarial rash which did not recur on 
prolonged 6MP administration subse- 
quently. The third patient had a pruritic 
maculopapular rash at the time that gastro- 
intestinal manifestations of toxicity oc- 
curred. An erythematous desquamating 
lesion of the hands accompanied marrow 
depression and mouth ulcers in a fourth 
patient (it is possible that this rash repre- 
sented an allergic reaction to penicillin 
given during the preceding 2 weeks). 

_ Survival time. The group of patients 

studied was a selected one. Although it in- 
cluded all those with chronic granulocytic 
leukemia seen by the Chemotherapy Serv- 
ice over a period of 3 years and occasional 
patients during the following 2 years, some 






*Three patients are not included in this table because data on previous response to therapy are not known. 
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were referred to the service specifically be- 
cause of decreasing response to therapy 
with irradiation or alkylating agents. Two 
patients in the group studied are still liv- 
ing (those in cases 2 and 5). 

The median survival times were 37% 
months from the first symptoms of the dis- 
ease, 36 months from the time of diag- 
nosis, and 35 months from initial treatment 
until death. The median survival time from 
start of 6MP therapy until death was 12 
months. 

The data on survival time were analyzed 
further on the basis of previous response to 
therapy (Table IV). There is no difference 
between the various subdivisions in the in- . 
terval from onset of symptoms until death. 
There are differences between the groups, 
however, in the duration of the period from 
the start of 6MP treatment until death. 
These differences suggest that those pa- 
tients who were showing decreasing re- 
sponsiveness to other modalities of therapy 
subsequently responded more briefly to 
6MP than did those who were either pre- 
viously untreated or still responsive to ir- 
radiation or alkylating agents. 
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The 6-substituted purine analogues 6- 
mercaptopurine, thioguanine, and 6-chlo- 
ropurine are effective agents in the treat- 
ment of chronic granulocytic leukemia. Pro- 
longed control is feasible with ease in most 
cases, with relatively few toxic side effects. 


In evaluating the worth of new agents, 
their effects must be compared with those 
of previously used agents, considering such 
problems as short-term and long-term ther- 
apeutic effects, acute or chronic toxic ef- 
fects, ease of administration, and predicta- 
bility of dose. 

Of the numerous chemotherapeutic 
agents available for the treatment of chronic 
granulocytic leukemia, busulfan (Myleran) 
is felt by many to be the agent of choice; it 
is well tolerated orally, the optimal dosage 
is possibly more predictable than that of 
other alkylating agents, and maintenance 
therapy can be given for long periods, 
when necessary, to keep a patient in a 
steady state. Results of continued therapy 
with busulfan or triethylene melamine are 
thought! to be superior to those obtained 
by the use of irradiation administered at 
irregular intervals (determined by the ac- 
tivity of the disease) and probably are at 
least equal to those with regularly spaced, 
individually titrated irradiation as advo- 
cated by Osgood.?® 

A comparison of the effects of busulfan 
noted by others!** and those of purine 
analogues is presented in Table V. Both 
types of drugs are useful both in early and 
in advancing disease, with better responses 
earlier in the course. Both offer little diffi- 
culty in administration once the initial reg- 
ulatory period is over. The length of re- 
sponsiveness to the two agents is probably 
similar. The median survival time for the 
patients discussed in this report (37% 
months from onset of symptoms) is close 
to that reported for patients treated with 
busulfant:** and for a large number of pa- 
tients treated prior to the use of the alky- 
lating agents.1° 

We have shown that patients will re- 
spond to the purine analogues when their 
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responsiveness to alkylating agents or ir- 
radiation is decreasing. Conversely, busul- 
fan has produced responses in some pa- 
tients after the purine analogues had to be 
discontinued because of hematologic de- 
pression at the dose necessary to produce a 
response. Thus, the sequential use of the 
two agents is feasible to prolong the period 
of well-being. 


The occasional usefulness of 6MP and 
related purine analogues in the blastic 
stage of chronic granulocytic leukemia and 
the equal usefulness and ease of handling 
of 6MP and busulfan in the earlier stages 
of the disease suggest that busulfan should 
be the chemotherapeutic agent employed 
initially. Then, 6MP could be employed 
to provide a few more months of control 
of the disease after response to busulfan 
has been exhausted. This does not neces- 
sarily imply waiting until the blastic phase 
actually occurs but, rather, changing the 
form of therapy when the patient is show- 
ing decreasing response to tolerated doses 
of the alkylating agents. If when the patient 
is first seen there is some question, based 
on hematologic or clinical findings, as to 
whether the diagnosis is chronic or -sub- 
acute granulocytic leukemia, the purine an- 
alogues would seem to be a more logical 
choice for initial therapy. 

In the treatment of both chronic granu- 
locytic leukemia and of acute leukemia*4 
with the purine analogues 6MP, 6CP, and 
TG, it was found that after the production 
of a therapeutic response, continuous ther- 
apy is usually necessary to avoid rapid re- 
lapse. 

In both instances, maintenance therapy 
can often be continued for long periods 
without evidence of hematologic depres- 
sion or other toxic manifestations. In most 
patients with acute leukemia who have de- 
veloped remissions, the limiting factor in 
treatment is not drug toxicity but is the de- 
velopment of resistance of the leukemic 
process to the drug as evidenced by a mar- 
row relapse prior to the appearance of 
hematologic depression. When such a re- 
lapse of acute leukemia eccurs during treat- 
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Table V. Comparison of the effects of busulfan and the 6-substituted purine analogues in 
the treatment of chronic granulocytic leukemia 


Therapeutic effects 


Responses 


Purine analogues 


75% of entire group—82% of those who 


Busulfan''®7 


80-90% 


were not in a blastic stage (included 
a number with advanced disease) 


Duration of 
responsiveness 


Toxic effects 
Acute 


Up to 69 mo. (median among the respon- Up to 48 mo. reported. Occasionally a 
sive patients, 944 mo.); almost all 
patients require maintenance therapy 


patient will have a prolonged re- 
sponse without maintenance therapy 
so that it is worth while checking this 
in each individual. Most require 
maintenance dosage, however 


Gastrointestinal Approximately one-third have mild dis- Rare 
turbances, rarely severe enough to 


limit further therapy 


Hematologic 


Depends on the dose used and the individual patient’s reaction to it. Both agents 


can produce marked marrow depression rapidly if used injudiciously. Initially, 
however, using recommended doses and frequent checks of the blood count, there 
should be no difficulty with either drug 


Chronic hematologic Depression of hemoglobin and platelets Occasional instances of prolonged mar- 


has occurred after 3 to 27 mo. of treat- 
ment, in some, when the dose of drug 
was increased, in others, on unchanged 
dosage. The recovery of the depressed 
elements was rapid except in those in 


a blastic phase 


Hepatic 


Jaundice noted in one-third of patients 


row depression with picture of aplas- 
tic anemia and/or agranulocytosis. 
This has occurred without preceding 
excessively high doses and may de- 
velop after the drug has been dis- 
continued 


Not reported to occur 


treated but as previously reported‘ 
this is usually associated with another 
possible explanation, i.e., septicemia 
and leukemic involvement of liver. 
No distinctive pathologic findings 


ment, increasing the dose of the purine an- 
alogue does not cause another remission 
although the total leukocyte count can be 
lowered. 

In chronic granulocytic leukemia, how- 
ever, the decrease in responsiveness is usu- 
ally a more gradual change (until a blastic 
phase develops). After an increase in the 
daily dose, the disease can frequently be 
controlled again for a while, as evidenced 
by improvement in hemoglobin levels and 
symptoms as well as by decrease in the 
leukocyte count and liver and spleen size. 
Unlike acute leukemia, the limiting factor 
in the administration of the 6-substituted 
purine analogues in chronic granulocytic 
leukemia often is the ultimate production 


of hemoglobin and/or platelet level depres- 
sion after prolonged administration of the 
drug at the dose required for control of the 
disease. 

When patients with lymphomas or metas- 
tatic carcinomas received 6MP, 6CP, or 
TG,**:4 depression of the white blood cell 
count occurred after 3 to 5 weeks of treat- 
ment and after average total doses of 48 
mg. 6MP per kilogram, 422 mg. 6CP per 
kilogram, and 60 mg. TG per kilogram. 
This often was accompanied by platelet de- 
pression. Decrease of the hemoglobin level 
occurred less often. Maintenance therapy 


*T, H. Krakoff: Personal communication. 
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was not usually attempted but, after re- 
covery of the peripheral blood count, some 
patients received the agents again at the 
same daily dose. Hematologic depression 
again occurred after administration of ap- 
proximately the same total dose so that pro- 
longed maintenance at such a dosage was 
impossible. 

These findings, therefore, suggest the 
presence of a difference between the leu- 
kemic and nonleukemic patient either in 
the metabolism of the 6-substituted purine 
analogues or in the reaction of the hema- 
topoietic system to these agents. The de- 
velopment of resistance of neoplastic cells 
to antimetabolites has been demonstrated 
in transplantable animal tumors and leu- 
kemias as well as clinically in human 
acute leukemia. However, there has not 
been any evidence suggesting the de- 
velopment of such resistance in normal 
human cells, with the possible exception 
of case 4 previously cited. In that in- 
stance, an amount of 6MP which initially 
caused depression of the hemoglobin and 
platelet levels subsequently did not. (It is 
of interest that chronic granulocytic leu- 
kemia developed in that individual after 
several years during which he had poly- 
cythemia vera. Thus, the erythroid elements 
and megakaryocytes might have been ab- 
normal.) It is possible that the prolonged 
tolerance for the 6-substituted purine an- 
alogues of the other leukemic patients ob- 
served also represented the development of 
resistance of the nonleukocyte hematopoi- 
etic elements to the purine analogues. It is 
also possible that leukemic leukocytes me- 
tabolize the drug differently (qualitatively 
or quantitatively ) than do the cells of other 
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patients. If this were the case, the residual 
antimetabolite would then be less able to 
affect the normal cell elements in the leu- 
kemic patients. 
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The clinical pharmacology of local anesthetics 


Virtually all aspects of the actions, effects, and uses of local anesthetics are explored 


and summarized—their mode of action, chemical features of their action and their potency, 


the significance of lipid solubility, the importance of the structure of the nerves treated, 


their effect on nerve metabolism, the rate of their absorption, the effect of vasoconstrictors 


and spreading enzymes on absorption, their detoxification and elimination, their toxicity, 


precautions to be taken in their use, testing methods, long-lasting local anesthetics, 


and the systemic use of local anesthetics. 


John Adriani, M.D. New Orleans, La. 
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Anesthesiology, Charity Hospital 


The laboratory and clinical investigation 
of compounds that possess local anesthetic 
activity has continued since Karl Koller in- 
troduced local anesthesia into medicine. 
The search for the ideal drug continues. 
It is the purpose of this review to present 
the aspects of clinical pharmacology of 
local anesthetics and to emphasize their 
relationship of chemical structure to ac- 
tivity, their suspected mode of action, their 
absorption, distribution, and mode of elim- 
ination, and the relationship of all these 
factors to local and systemic toxicity. 


Local versus systemic effects 


Local anesthetics only behave as such 
when applied directly to peripheral nerv- 
ous tissues. Systemically, their pharmaco- 
. logic behavior is quite different.4? The 
plasma levels during regional block, com- 
paratively speaking, are infinitesimal.’:?6 
Undesirable systemic effects occur should 
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they gain access to the vascular system in 
significant quantities.‘ Generally, they are 
applied to somatic nerves, that is, to bun- 
dles of axones. The function of an axone is 
to transmit stimuli from a nerve cell to a 
receptor or to another organ. Local anes- 
thetics interfere with this function by caus- 
ing a temporary, reversible change in the 
chemical make-up of the neuronal mem- 
brane.® Although they are ordinarily ap- 
plied to the axone, they are capable of act- 
ing anywhere in the neuron.®* The end re- 
sult is the same whether they are applied to 
the cell body, dendrite, axone, or a synapse. 


Molecular configuration of 
local anesthetics 


Numerous substances are capable of pro- 
ducing the type of blockade referred to as 
local anesthesia.*! The ability to do so is 
not an attribute of any particular molecular 
configuration. Many compounds belonging 
to diverse chemical groups are capable of 
proaucing local anesthesia.® 
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Hundreds of compounds have been pre- 
pared which possess local anesthetic ac- 
tivity. Many have been discarded because 
they are locally destructive to tissue, toxic 
systemically, or unsatisfactory from the 
standpoint of potency. The clinically suit- 
able injectable local anesthetics are almost 
without exception amines.*® The configura- 
tion most consistently associated with the 
clinically effective local anesthetics is one 
consisting of an aliphatic chain of two or 
more carbon atoms, one end of which bears 
a hydrocarbon nucleus or the other end an 
amino group.°® 

Re 
— 
Ri — (CH2)n— N 
\ 


» 


R; 


R; = hydrocarbon residue 
R.= alkyl group 
R; = hydrogen or alkyl group 


3 


The hydrocarbon nucleus is usually of 
the aromatic type, although it may be ali- 
phatic or alicyclic. The nitrogen atom usu- 
ally forms a secondary or tertiary amine. 
Thus an aliphatic chain, sometimes referred 
to as a pivot, separates a hydrophilic nitro- 
gen atom from a lipophilic carbon residue. 
Local anesthetics possess varying degrees 
of water and lipoid solubility. Lipoid solu- 
bility is essential for migration of the drug 
into the neuronal fiber, since the latter is 
rich in lipoids.5* The water solubility is es- 
sential for the transport of the drug to the 
neurons by the lymph, which is largely 
water. A balance between these two solu- 
bilities is necessary for activity.1°7 A com- 
pound of a high lipoid solubility usually 
has a correspondingly low water solubility. 
Such a compound is likely to be ineffective 
because the quantity transported to the 
fiber or the concentration which penetrates 
into the neuromembrane is inadequate. 
The nerve fiber is a lipoid-rich metallopro- 
tein surrounded by an aqueous phase. The 
hydrocarbon residue becomes oriented into 
the lipoid phase and the amino group into 
the metalloprotein phase of the fiber sur- 
rounding the aqueous medium.” 
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Nonnitrogenous local anesthetics 


Presence of the nitrogen atom is not 
mandatory for local anesthetic activity.® 
Certain compounds which do not contain 
nitrogen are used clinically, principally for 
surface anesthesia. These are hydroxy com- 
pounds of either the alicyclic or aromatic 
type. As a rule, aliphatic hydroxy com- 
pounds possess feeble local anesthetic ac- 
tivity. Derivatives possessing an aromatic 
nucleus as part of the structure are more 
effective than straight chain compounds. 
The hydroxy compounds are relatively in- 
efficient compared to the nitrogen-contain- 
ing derivatives.*! The hydroxyl group most 
likely plays the counterpart of the amino 
group in the nitrogen-containing com- 
pounds and acts as the hydrophilic pole 
which orients itself into the aqueous phase 
of the lipoid metalloprotein fiber. The hy- 
drocarbon is lipophilic and orients itself 
into the lipoid phase. The most serviceable 
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compounds of this type which are used to 
a limited extent clinically are benzyl alco- 
hol, salicyl aleohol,* and monobromosalicy] 
alcohol.t 

Benzyl alcohol provides surface anesthesia 
on the mucous membranes in concentra- 
tions up to 10 percent. The hydroxy 
compounds are locally irritating and may 
provoke neurolysis when injected perineu- 
rally or slough of soft tissues.171°* Salicyl 
alcohol possesses a topical anesthetic action 
comparable to benzyl alcohol and, like ben- 
zyl alcohol, is not suitable for injection for 
the same reasons. A bromine atom intro- 
duced in the meta position with reference 
to the hydroxyl group on the aromatic nu- 
cleus converts salicyl alcohol to mono- 
bromosalicyl alcohol. Monobromosalicyl 
alcohol, also a topical anesthetic, is ap- 
plied to mucous surfaces and is a neurolytic 
agent by direct injection in oily solu- 
tions.18:106 The drug has been used orally 
as an antispasmodic effector. Other hydroxy 
compounds that behave like benzyl alcohol 
are cinnamic alcohol, phenylethylalcohol, 
cyclohexanol, and methanol. These are used 
clinically only to a limited extent and are 
not of profound interest. Increasing the 
number of hydroxyl groups in alcohol re- 
sults in a decrease in its local anesthetic 
activity.2 Mephenesin, a propane diol, pos- 
sesses slight local anesthetic activity.27:>* 11° 
Meprobamate, also a diol, possesses some as 
does glycerol, a triol. The names of the hy- 
droxy compounds usually end with the suf- 
fix “ol” in contradistinction to the nitrogen- 
containing compounds which are desig- 
nated by appending the suffix “caine” to a 
descriptive root. 


Esters and amides 


The bulk of the clinically serviceable, 
injectable local anesthetics are nitrogen- 
containing compounds. The hydrocarbon 


‘nucleus is usually derived from a carboxy 


acid which is joined to the aliphatic pivot 
by an ester, amide, or ether linkage, as a 
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rule.® The esters are far more numerous 
than the amides.® Procaine, cocaine, tetra- 
caine, and most of the well-known anes- 
thetics are esters. Important suitable am- 
ides are dibucaine,* lidocaine,*®* and 
mepivacaine.?!04 

The amide type of linkage joins the hy- 
drocarbon to a pivot. In mepivacaine, lido- 
caine, and dibucaine, the pivot replaces a 
hydrogen atom of the amide of the acid 
portion of the molecule. The nitrogen atom, 
according to Lofgren,®* carries a positive 
charge, while the electrophilic carbon 
atom bearing the aromatic residue has a 
negative charge. The distance between this 
carbon and a nitrogen atom averages 7 to 
9 A for optimal activity. A number of 
compounds are known in which the nitro- 
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gen atom is incorporated in the heterocyclic 
nucleus.!° The nitrogen atoms manifest the 
attributes of secondary or tertiary amines 
when arranged in this manner. Such an 
arrangement is found in cocaine, pipero- 
caine, diperodon,* and many other deriva- 
tives. Quaternization of an amino group of 
a potent local anesthetic nullifies anesthetic 
activity. Possibly, this is explained by the 
fact that quaternary bases penetrate cellu- 
lar membranes with difficulty. Tertiary am- 
ines have a greater penetrating power. 
It must be emphasized that a component 
carrying the aforementioned general struc- 
ture of a hydrocarbon residue pivot and 
amino group may be entirely devoid of 
local anesthetic activity. Compounds 
which would appear from their structure 
to be active are not, while others which 
are active do not conform to the generaliza- 
tion. Atropine, for example, meets the gen- 
eral specifications of a local anesthetic but 
possesses only a slight degree of local anes- 
thetic activity.® Certain narcotics,®? as for 
example ethylmorphine,' a phenanthrene 
derivative, certain phenothiazines,? and 
various antihistamines!" '%> and _barbitu- 
rates!*° do not conform to this generaliza- 
tion but manifest varying degrees of local 
anesthetic activity. In most cases the hy- 
drocarbon residue is aromatic and is de- 
rived from the acid that forms the ester or 
amide. Derivatives of aminobenzoic acid 
and benzoic acid®*! are the most numer- 
ous in clinical use. Aminobenzoic acid has 
three configurations, the ortho, meta, and 
para. All three acids have been esterified 
with various amino alcohols to yield a va- 
riety of local anesthetics. Of the three types 
of esters, the p-aminobenzoates are the most 
effective and most useful clinically.1 The 
aromatic nucleus is most often a single ben- 
zine ring which is either a simple phenyl 
radical or possesses side chains at various 
positions on the ring. However, the double 
benzine ring or napthoic nucleus may ap- 
pear in certain local anesthetics.1‘*7 Com- 


*Diothane. 
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pounds that have a double benzine ring are 
usually less soluble than the lighter mole- 
cules. The hydrocarbon nucleus may also 
be derived from quinoline,!** a double cyc- 
lic structure resulting from a fusion of an 
aromatic nucleus and pyridine. Dibucaine is 
the most serviceable of the quinolines.1?* 
Introducing an additional amino group on 
the aromatic ring usually increases the 
local anesthetic activity. The aminobenzo- 
ates exemplify this. The position the amino 
group occupies on the ring influences po- 
tency. Compounds in which the amino 
group is in the para position with reference 
to attachment to the aliphatic side chain 
are more potent than those in which the 
attachment is in the meta or ortho position. 
For example, procaine, derived from 
p-aminobenzoic acid, is more potent than 
primacaine, which is similar in structure 
to procaine but is derived from the o-am- 
inobenzoic acid instead of the para.* Sub- 
stitution into the amino group of the ring 
increases potency. Tetracaine, for example, 
has a butyl radical replacing one hydrogen 
atom of the amino group on the aromatic 
nucleus. The compound, thus, is both a 
secondary amine. and tertiary amine. In 
addition, the ethyl radicals on the alcohol 
portion of the molecule are shortened to 
methyl groups. The potency is increased 
ten times by this alteration in molecular 
configuration.® 
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The success of procaine has led to the 
synthesis of a host of related compounds 
with the hope of discovering a superior 
local anesthetic. Well over 1,000 deriva- 
tives of benzoic and aminobenzoic acid 
have been studied. Among the most recent 
to be surveyed are the 2-alkoxy analogues 
of procaine and tetracaine.® The 2-alkoxy 
substitution in the 4-aminobenzoate struc- 
ture results in an increase in the length 
of the chain comprising the alkoxy group. 
Propoxycaine,* the 4-amino, 2-propoxy 
derivative of procaine, and butoxyprocaine 
have been studied extensively.11 Hydroxyl 
and halogen substituents have been studied 
also. The 2-hydroxy derivative and the 
3- hydroxy derivative have both been 
studied.** None of these have received ac- 
ceptance. The 2-chlor derivative appears 
to be less toxic and somewhat more potent 
than procaine.** 


A series of amino-acyl amides has been 
studied extensively, of which lidocaine ap- 
pears to be the most useful.®* Closely allied 
to this is mepivacaine.°! 

The intention of this review is to indicate 
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generalities in pharmacologic behavior 
rather than innumerate properties of indi- 
vidual drugs; therefore, detailed discussion 
of individual drugs is omitted. 

Simple esters of the aromatic series are 
relatively insoluble.? Conversion to amines 
increases solubility. The conversion of 
ethyl p-aminobenzoate (benzocaine) to 
the diethyl amino derivative (procaine) 
confers additional basic properties to the 
compound and increases its solubility and 
potency.*! Increasing the length of the 
carbon chain in the ester group (the pivot, 
or isoteric, group) decreases the basicity 
and solubility of the compound. Likewise, 
the toxicity of the compound is increased 
as carbon atoms are added. The common 
substituents on the amino group are methyl 
and ethyl. Lengthening the alkyl radicals 
on the amino nitrogen likewise decreases 
the basicity and increases the potency and 
toxicity.® 


Basic nature of local anesthetics 


Local anesthetics are synthetic. Cocaine 
is the only naturally occurring local anes- 
thetic in common use. Local anesthetics 
by virtue of the amino nitrogen groups 
are. basic and form salts with acids. 
Aqueous solutions of the free base are al- 
kaline.'8* The basicity varies with the 
molecular configuration, which in turn in- 
fluences solubility and degree of ioniza- 
tion.*t The pH range in most cases is be- 
tween 7 and 9.°% Compounds that have 
two amino nitrogen atoms, as for example 
procaine, are more alkaline than those with 
single amino groups. The bases are less 
soluble in water than the salts. In the tis- 
sues, the base is liberated and causes the 
physiologic change which produces the 
blockade.1** This is described further on. 
Soluble hydroxides, carbonates, and bicar- 
bonates cause the free base to be precipi- 
tated from aqueous solutions of salts.5 The 
degree of precipitation depends upon the 
alkalinity of the resultant solution. The 
bases are viscous liquids or amorphous 
solids which, though sparingly soluble in 
water, easily dissolve in lipoid substances 
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and various organic solvents. Aqueous sus- 
pensions of the bases (cocaine milk or 
cocaine mud) are sometimes used for top- 
ical anesthesia. The base is necessary for 
the preparation of most ointments in greasy 
bases or for the preparation of oily solu- 
tions.® Salts are sparingly soluble or insolu- 
ble in lipoids or organic solvents. 

Local anesthetics are dispensed as salts. 
The interaction of the base and acid is sim- 
ilar to the union of ammonia with an acid 
to form an ammonium salt. 

Most salts are crystalline, water soluble 
substances. The pH range of aqueous solu- 
tions varies between 4 and 7, depending on 
the base and the acid used to form the 
salt.5 Hydrochloric acid is the most com- 
monly used acid. Other acids used are lac- 
tic, formic, mucic, sulfuric, and so on. 
Selection of acid is from the standpoint 
of pH of the resulting aqueous solution, 
solubility, crystal formation, stability, ease 
in handling the crystals, and so on. The 
base is responsible for the physiologic ef- 
fect. Tissue fluids have considerable buf- 
fering capacity and, therefore, the base is 
liberated when solutions of salts are in- 
jected. The pH of the solution becomes 
adjusted to that of the tissues. Likewise, 
should an alkaline solution be injected, the 
pH is brought down to that of the tissues 
also. The belief that alkalinization of solu- 
tions enhances the local anesthetic effect 
is incorrect.®! Potentiation does occur when 
an alkalinized solution is applied topically, 
because the mucous membranes do not 
possess the buffering action necessary to 
release the base.12 Local anesthetics are 
less effective when injected into inflammed 
areas than when introduced into normal 
tissues. Several explanations are offered for 
this behavior. Absorption from the injec- 
tion site is increased because of the hyper- 
emia resulting from the inflammation. 
Duration of action is thereby shortened. 
The tissues are less alkaline in this area 
because of the liberation of acid products 
by the disease process. The base, which 
is the effective form of the salt, is not 
liberated. 
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Lipoid solubility and polar 
association 


Both local and general anesthetics are 
lipoid soluble. It was once assumed that 
local anesthetics obeyed the Meyer-Overton 
rule because of this lipoid solubility and 
the relative insolubility in water. The data 
of Lofgren®® obtained by determining the 
distribution coefficients of twenty-two local 
anesthetics in oleyl alcohol-water systems 
indicate that the Meyer-Overton rule is 
not valid for local anesthetics. The com- 
pounds studied were of the amino-acyl 
amide type. Comparisons were made with 
procaine. No correlation could be found 
between the distribution coefficient and 
anesthetic potency. Others have since re- 
ported similar findings. The Meyer-Overton 
rule is applicable to inert substances.*! 
Most inhaled anesthetics are inert; local 
anesthetics are not. Local anesthetics have 
active groups and act by polar association. 
Isolated nerves exposed to ether, chloro- 
form, and other volatile anesthetics are 
blocked by these agents.®! The rule does, 
however, apply when these substances are 
applied directly to nerve fibers in this man- 
ner. The concentrations of these agents 
necessary to produce a blockade when ap- 
plied locally are greater than those which 
are necessary in the circulating blood to 
induce general or systemic anesthesia. The 
blockade produced by conventional local 
anesthetics probably results from the bio- 
chemical changes caused by the drug on 
the lipoprotein film at the surface of the 
plasma membrane. The lipoprotein film, as 
has been mentioned previously, is com- 
posed of metallic ions, neuroproteins, and 
lipoids.5! Presumably, the metallic ions are 
the instruments for conduction. In the polar 
association of local anesthetics, the hydro- 
philic pole becomes oriented into the aque- 
ous phase and the aromatic hydrocarbon 
residue into the lipoid phase as the mem- 
-brane proper. The indifferent narcotics, 
such as ether and chloroform, probably 
exert their effects by the electronic attrac- 
tion of forces according to Van der Waals’ 
equation,®8 
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Transmission of the nerve impulse 


Normally a nerve fiber possesses two at- 
tributes—the ability to respond to excitation 
and the ability to conduct. A membrane 
referred to as the plasma membrane deline- 
ates the cytoplasm of a nerve fiber from the 
surrounding extracellular fluid. This mem- 
brane, composed of lipoids and proteins, is 
approximately several molecules thick. It 
cannot be differentiated histologically. Nor- 
mally, a stimulus applied to a nerve fiber 
establishes an electrical current, referred 
to as an action potential, in the plasma 
membrane in the area of stimulation. This 
action potential is propagated in succession 
to contiguous areas along the fiber to its 
point of termination.5!10143 When the 
fiber is in the resting state, the plasma 
membrane is permeable to certain ions, 
notably potassium and chloride, and im- 
permeable to others, notably sodium and 
ions of proteins and amino acids. The pro- 
tein ions are, as are those of potassium and 
sodium, positively charged, since they are 
derived from the amino group of the amino 
acids that compose the protein of the nerve. 
As the result of this selective permeability, 
a difference in ionic concentration develops 
on either side of the membrane. Ionic equi- 
librium for potassium and chloride is 
established according to the Donnan equi- 
librium theory. In a resting fiber, the con- 
centration of potassium ions on the interior 
of the membrane is greater than on the 
exterior; the probable ratio is five inside 
to two outside. During inactivity, a dif- 
ference in electrical potential develops be- 
tween the exterior and the interior of the 
membrane as a result of this asymmetric 
ionic distribution. The polarity on the in- 
terior of the membrane is negative with 
reference to the exterior.‘‘* During the 
resting phase, sodium ions are constantly 
being kept out of the interior, where the 
concentration is minimal, by a mechanism 
referred to as the sodium pump. Exactly 
how the pump operates is not fully under- 
stood. Possibly, the enzymatic breakdown 
of lactic and pyruvic acids provides the 
energy necessary to operate the sodium 
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pump, since sodium ions are being extruded 
outward against a gradient. This has not 
been definitely established. The potential 
difference which develops between the two 
sides is in the neighborhood of 60 to 100 
mV. The initiation and transmission of 
impulses along a nerve fiber are associated 
with alterations in this membrane potential. 
Changes in membrane potential are charac- 
terized by removal of the polarity which 
in turn causes depolarization of the adja- 
cent normal membrane. Thus, a wave of 
transient depolarization or activity is pres- 
ent along the nerve fiber. Not only is the 
polarity of the membrane removed, but it 
actually overshoots zero or reverses the 
polarity. Development of this membrane 
potential normally depends on oxidative 
metabolism and can be maintained only by 
the performance of metabolic work. When 
a stimulus is applied, the permeability of 
the membrane in the area of excitation is 
altered. Sodium ions are then able to mi- 
grate inward. This alteration in permea- 
bility is accomplished by liberation of a 
transmitter substance in the nerve fiber 
whose composition presently is not defi- 
nitely established. There is evidence to 
indicate that this substance may be acetyl- 
choline. Liberation of the transmitter sub- 
stance is initiated at the point of stimulus. 
The liberation continues as the excitation 
wave sweeps along the fiber from one con- 
tiguous area to another. The process is 
repeated in a relaylike manner as the im- 
pulse is propagated along the axone. At this 
time, not only do sodium ions migrate in- 
ward but potassium ions are simultaneously 
passing outward to the exterior. The in- 
ward migration of sodium ions precedes 
the migration of potassium ions outward. 
The balance is thus disturbed by this lag, 
and the membrane becomes depolarized. 
In other words, the potential is rapidly 
decreased to zero. As soon as sufficient po- 
tassium ions migrate outward, the mem- 
brane potential on the interior equals that 
of the exterior and, therefore, is isoelectric, 
that is, at zero value. The fiber is then in 
the refractory period and inexcitable. The 
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sodium ions continue to migrate inward so 
that the potential inside becomes positive 
with reference to the exterior, which is neg- 
ative. This period of electrical neutrality 
is of discernible duration. The sodium 
pump then begins to operate and ‘the so- 
dium ions are extruded to the exterior, into 
the periaxonal fluid. Potassium ions then 
return inward and the membrane potential 
is restored to its normal resting state with 
the polarity of the interior negative with 
reference to the positive exterior. 

Simultaneously with, the movement of 
cations, there is a migration of appropriate 
anions. These changes occur rapidly, in a 
matter of milliseconds, each time a nerve 
impulse is transmitted along the fiber. It is 
obvious that agents which disturb the se- 
quence of ionic migrations through the 
plasma membrane or which alter the mem- 
brane potential block the passage of im- 
pulses through the area so altered.?* Thus, 
a blockade may be accomplished in one of 
two ways: (1) by stabilizing the membrane, 
so that the aforementioned changes in 
permeability do not occur, or (2) by caus- 
ing depolarization of the membrane. Local 
anesthetics stabilize the membrane, and 
thereby the changes in permeability neces- 
sary for propagation of an impulse from 
zone to zone are unable to occur. The de- 
marcation potential normally present in 
the nerve remains unchanged. Solutions of 
ionizable potassium or calcium salts like- 
wise cause a blockade’; however, they do 
so by the second mechanism mentioned. 
They act by causing depolarization and do 
not stabilize the membrane. 


Importance of the myelin sheath 


The myelin sheath which surrounds cer- 
tain nerve fibers is enclosed by a histolog- 
ically distinguishable membrane called the 
neurolemma.®*!:72 The sheath is interrupted 
at intervals of 1 mm. or less into sausagelike 
segments known to all as the nodes of 
Ranvier. At these points myelin is absent 
and the sheath dips down and makes con- 
tact with the nerve fiber. The myelin acts 
as an insulator for the nerve fiber and 
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increases the efficiency of conduction by 
conserving energy. Local anesthetics do not 
penetrate the myelin sheath and can, there- 
fore, pass in the nerve fibers only at the 
nodes of Ranvier.8* They do, however, 
penetrate unmyelinated fibers. Anesthesia 
is established sooner and with less con- 
centrated solutions in such uninsulated 
fibers. A minimal or threshold concentra- 
tion must surround the fiber to cause a 
blockade. Solutions more dilute than this 
are without effect. The perineural con- 
centration necessary to produce a block is 
many times the tolerable plasma level. 
Thus, the importance of localizing a given 
peripheral nerve and depositing the solu- 
tion directly in the perineural area is 
obvious. 


Influence of fiber size 
on the blockade 


A difference in susceptibility of various 
types of fibers has been noted both clin- 
ically and experimentally. Autonomic and 
sensory fibers are affected before motor 
fibers. Gasser and Erlanger®? showed that 
this behavior is due to fiber size rather 
than inherent chemical differences of the 
protoplasm of the axone. Erhenberg®? has 
noted that the time required for induction 
of a blockade by a particular drug varies 
inversely with the concentration of a drug 
and directly with the square of the radius 
of the nerve. Smaller fibers have a greater 
surface per unit volume than the larger 
ones and, therefore, are blocked first. The 
small, thinly myelinated or the nonmyelin- 
ated autonomic fibers are most easily 
blocked by local anesthetics. Sensory fibers 
as a rule vary from 1 to 5 p» in diameter. 
Such fibers conduct temperature and pain 
impulses and appear to be more resist- 
ant to local anesthetics than autonomic 
fibers.121 They are more sensitive, however, 
to local anesthetics than the larger sensory 
fibers whose diameters vary from 5 to 15 up. 
These larger fibers transmit tactile and 
pressure sensations and vibratory sense. 
The large myelinated somatic motor fibers 
are more resistant than the sensory, which 
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are as a rule smaller. A local anesthetic ap- 
plied in a concentration sufficient to block 
all fibers in a mixed nerve produces a 
blockade in this sequence. First the sym- 
pathetic and parasympathetic fibers are in- 
activated. Next to become inactivated are 
fibers that transmit temperature impulses. 
The sensation of cold is obtunded before the 
sensation of warmth. Next to be blocked are 
somatic motor fibers carrying pin prick, 
pain, touch, pressure sense, vibratory sense, 
and proprioceptive impulses. The recovery 
of function appears to occur in the reverse 
order. 


Effect on metabolism 


Normally, there is an increased oxygen 
uptake by a nerve fiber during transmis- 
sion of an impulse.*® This increased uptake 
appears to be prevented by a local anes- 
thetic.** The findings concerning the rela- 
tionship between the local anesthetic effect 
and the metabolic rate of a nerve fiber are 
not consistent. Depolarization of a nerve 
with potassium ions, for instance, blocks 
conduction but causes an increase in oxy- 
gen uptake. Decreased oxygen consumption 
without impairment of conduction has 
been observed when nonanesthetic sub- 
stances are applied to a nerve. Cocaine re- 
duces the oxygen consumption when ap- 
plied in concentrations to block conduction. 
Chlorobutanol,* on the other hand, has the 
opposite effect.™ 


Penetration into the nerve 


The drug requires time for entry into the 
nerve fiber. Relatively speaking, passage is 
quite rapid into the membrane because of 
the high external gradient. The rate of 
entry varies with the chemical nature of the 
drug, the concentration, and the type and 
size of the fiber.147 Thus, a latent period 
is noted from the moment the drug is ap- 
plied until a blockade is fully established. 
After perineural application, the drug is 
carried away by the lymph; the concentra- 
tion gradually falls. When the perineural 
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concentration falls below the intraneural 
level, the drug begins to re-enter the lymph. 
Conduction is re-established as soon as the 
concentration falls below the threshold 
value. The threshold value differs for each 
drug under a uniform set of experimental 
conditions. Conduction in a particular fiber 
is all or none, without decrement.** In other 
words, the blockade is as complete in 
fibers exposed to a threshold concentration 
as in one exposed to a greater than thresh- 
old concentration. The blockade continues 
until the concentration falls below the 
threshold level and the membrane is re- 
stored to its active state. Exceeding the 
threshold concentration does not increase 
the intensity of the block, since it is all or 
none. It may, however, prolong the block 
somewhat because more time is required to 
carry the additional quantity from the 
perineural area.1*> Increase in duration is 
not proportional to the increase in total 
quantity applied. For example, doubling 
the quantity applied does not double the 
duration. 


Binding 

The passage of the drug into the fiber 
and its union with whatever receptors are 
concerned with conduction to establish- 
ment of a blockade is often referred to as 
“fixing” by clinicians. The term can be 
misleading because it infers that some ir- 
reversible chemical union or binding oc- 
curs. The interaction which occurs at the 
molecular level between protoplasm and 
local anesthetics is not clearly understood. 
The binding, whatever it is, is reversible. 

The active pharmacodynamic agent 
is the undissociated molecule of the free 
base.145.147 In general, the free base of most 
local anesthetics is poorly ionized. Salts 
ionize to a far greater extent. The cation 
is positively charged in both cases; how- 
ever, the uncharged molecule is the active 
agent. Truant and Takman'*® have noted 
that the potency of a local anesthetic solu- 
tion increases as the hydrogen ion concen- 
tration of the solution decreases. Saturated 
solutions of the free base are less concen- 
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trated than solutions of the salt because 
of the relatively lower water solubility of 
the base. As the pH increases, a point is 
reached at which the base begins to pre- 
cipitate.** This point varies with cach drug. 
For procaine it is above 8.4. The binding 
characteristic of a particular anesthetic 
might be important in explaining the lack 
of simple functions which describe the re- 
lation between distribution and local anes- 
thetic potency.1*° The recovery processes 
with lidocaine and procaine are relatively 
rapid.1** If a complete block is maintained 
from 2 to 10 minutes with these two agents, 
however, the recovery is relatively slow. 
This is due primarily to the excess distribu- 
tion of the drug in the involved nerve seg- 
ments. However, the effects of binding 
cannot be excluded. Bennett and Chin- 
burg!® have proposed that certain agents 
possess chemical affinity for the nerve 
tissue components, which tends to hold the 
long-acting drugs within the nerve fiber. 
Correlation between penetration and anes- 
thetic activity is not uniform. Procaine, 
lidocaine, and propoxycaine show equal 
penetration but different activity and dura- 
tion when compared on the basis of molar 
concentration.'** Likewise, there is no strict 
correlation between speed of penetration 
and duration of action.'47 Other factors are 
involved, most important of which is local 
destruction of the drug. Generally, the more 
long-lasting drugs are destroyed more 
slowly than the more brief-acting. Dibu- 
caine, one of the longest acting local anes- 
thetics, is not hydrolyzed by the tissue 
enzymes. 

The outward diffusion of a local anes- 
thetic from the fiber occurs gradually, the 
speed, therefore, depending upon the drug, 
binding power, diffusibility, and so on. Re- 
covery occurs when the intraneural con- 
centration of a drug falls below the thresh- 
old level. Some drug still remains in the 
fiber even though conduction has been fully 
restored. The blockade may be re-estab- 
lished by adding the difference between 
the amount present and the threshold 
value. If the re-application is made several 
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hours after recovery, the original threshold 
concentration is necessary. This is presump- 
tive evidence that none of the drug remains 
in the fiber at this time. 


Latent period 


It has been mentioned that a latent pe- 
riod of several minutes or more elapses 
from the moment the drug is applied until 
a blockade is established. Periods of latency 
increase progressively as the duration of 
action of a particular drug increases. Thus, 
dibucaine has a longer latent period than 
tetracaine, which in turn is latent longer 
than procaine.®:7? Data concerning time of 
onset obtained in vitro using isolated nerve 
preparations differ from those obtained in 
vivo. In vivo, a number of variable factors 
are introduced which explain the conflict- 
ing results often obtained. Clinically the 
drug is injected into the tissues surround- 
ing the nerve, while experimentally the 
drug is applied directly to the fibers. Time, 
concentration, and dosage are fixed. In 
vivo, the drug becomes diluted with the 
perineural tissue fluid. The greater the dis- 
tance between the point of injection and 
the nerve, the greater the dilution, Then, 
in addition, some of the drug is carried 
away by the blood and lymph and does not 
reach the nerve; therefore, variable re- 
sults are to be expected in studies in the 
intact animal or in man, since all conditions 
are not fixed. In vivo, the concentration 
of the injected solution must be greater 
than the threshold concentration necessary 
to establish an effective block. Data when 
isolated nerve preparations are used are 
more precise and present a more realistic 
picture in regard to the time-dose relation- 
ship. The latent period is quite apparent 
when inducing spinal block.*4:8? When pro- 
caine is employed, the blockade is estab- 
lished within 1 to 2 minutes.8* When tetra- 
caine is used, sensory changes are apparent 
within 2 to 3 minutes.? Hypalgesia appears 
first, then diminished ability to perceive 
light, touch, pain, and temperature. Ability 
to perceive pressure and vibratory sense 
lingers for 5 minutes or more.!2° Loss of 
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motor function is complete between 5 to 
10 minutes after application. 

The clinical importance of the latent pe- 
riod cannot be emphasized too strongly. 
Failure to allow sufficient time for estab- 
lishment of a block conveys the erroneous 
impression that the dose employed was 
inadequate and leads to application of un- 
necessary subsequent doses and use of 
quantities which may be lethal.® Disastrous 
results have occurred after the use of ex- 
cessive quantities of tetracaine and cocaine 
topically.*:1?* The sensory and autonomic 
fibers are smaller than the motor ones and 
are, therefore, affected first.62 Erhenberg®” 
has noted that the time required for induc- 
tion of a blockade by a particular drug 
varies inversely with the concentration of 
the drug and directly with the square of 
the radius of the nerve. 


Overlapping of actions 


Overlapping of drug actions is a common 
finding in pharmacology. Local anesthetics 
may possess varying degrees of antihis- 
taminic,!* anticholinergic,®® myoneural* 
blocking, narcotic, and vasopressor activity. 
On the other hand, many antihistamines 
possess varying degrees of local anesthetic, 
anticholinergic, and central nervous system 
depressant activity. The local anesthetic 
activity of antihistaminic drugs has been 
demonstrated in animals and utilized to a 
limited extent in man.1°* Tripelennamine,* 
for example, has been used for topical anes- 
thesia of the mucous membranes of the 
pharynx, larynx, trachea, and urethra with 
some degree of success.1* Considerable 
local irritation has been reported by some 
workers. Its virtue as a local anesthetic is 
in no way comparable to its value as an 
antihistamine. Anticholinergic drugs also 
exhibit some local anesthetic as well as 
antihistaminic activity. Atropine and am- 
protropine phosphate,* for example, pos- 
sess local anesthetic action and some anti- 
histaminic activity. The antihistaminic 
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activity, however, is of a low degree and is 
of little usefulness clinically. It has been 
estimated to be in the order of one-hun- 
dredth that of the common antihistamines, 
such as diphenhydramine.* Procaine mani- 
fests some degree of antihistaminic and 
anticholinergic activity.*2 The beneficial 
results obtained by use of intravenous 
procaine for treating allergic’® states may 
possibly be due to this action. The anti- 
cholinergic activity is less pronounced than 
the antihistaminic.’ The suggestion has 
been made that the anesthetic activity is 
due to the ability of procaine to inhibit 
competitively with humoral transmitters 
- such as acetylcholine, histamine, and ad- 
renergic substances. Usually, when a drug 
possesses a multitude of actions, one action 
predominates over all others. This predom- 
inant action determines for what purpose 
a drug will be used. Local anesthetic activ- 
ity has been, ascribed to epinephrine,** 
ephedrine,!2* meperidine, and a host of 
other substances.°*1°° Their potency and 
clinical usefulness in this regard are limited. 


Rate of absorption 


Regardless of the site of application of a 
local anesthetic, ultimately all of it passes 
into the blood stream and establishes a 
plasma level. High plasma levels cause se- 
rious symptoms. The rate of absorption 
depends to a large extent upon the blood 
supply to the tissue. Therefore, the absorp- 
tion, distribution, and elimination of local 
anesthetics are quite important. Adriani 
and Campbell**° recently studied plasma 
levels after infiltration and topical appli- 
cation to mucous and cutaneous surfaces 
and compared them with those after intra- 
venous injection. Their studies were cen- 
tered about procaine, tetracaine, cocaine, 
and benzocaine. 

Striking differences are noted between 
blood drug levels that result from a rapid 
intravenous injection of a particular dose 
over a period of 1 minute and those after 
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the infusion of the same quantity slowly 
over a 20 minute period.®° Rapid injection 
results in a marked upsweep of a curve of 
drug concentration in the blood and a peak 
level within 2 minutes. The same quantity 
infused slowly gave barely detectable blood 
levels. The basic contours of the drug level 
curves were the same with use of procaine, 
tetracaine, and cocaine. The rapid intra- 
venous injection of 6 mg. of tetracaine per 
kilogram of body weight in dogs produced 
a respiratory paralysis. The slow infusion 
of the same amount causes no significant 
response. The slow infusion allows time for 
dilution and storage and perhaps hydrolysis 
or elimination of a portion of the drug. The 
susceptible cells, therefore, are not sud- 
denly perfused with the high concentration 
which confronts them after rapid infusion. 
A slow infusion continued indefinitely ul- 
timately causes the plasma level to rise to 
deleterious levels, with subsequent appear- 
ance of symptoms of systemic toxicity. 
Plasma levels obtained after cocaine and 
tetracaine were infiltrated subcutaneously 
over an area of 3 by 4 cm. on the abdomen 
were detectable but not measurable. Equiv- 
alent quantities combined with hyaluroni- 
dase gave peak levels of 2 to 3 sg per 
milliliter with tetracaine and 1 to 2 pg per 
milliliter with cocaine, 2 to 20 minutes after 
infiltration. The hyaluronidase obviously 
facilitates absorption by promoting spread 
over a wider area. 

Curves of drug level in the blood after 
topical application simulate those of rapid 
intravenous injection. Peaks are lower, take 
longer to develop, and do not rise as 
abruptly. However, within 4 to 6 minutes 
the peak is one-third to one-half that ob- 
tained after rapid intravenous injection 
when an equivalent dose is applied to the 
pyriform fossae. 

Many reactions which occur after the 
topical use of local anesthetics are caused 
by the application of excessive quantities 
at one time.* Drug levels in the blood are 
lower when a given dose of the drug is 
applied to the pyriform fossae in three 
fractions at 3 minute intervals instead of 
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a single dose at a time.® Peak levels are 
approximately one-third those obtained 
after single application. They rise and fall 
with each application. The contours of the 
drug level curves are alike for both cocaine 
and tetracaine when divided doses are used. 
The levels, even though lower than those 
resulting with intravenous administration, 
are measurable and greater than those ob- 
tained after infiltration or slow infusion. 
Thus, it is obvious that blood levels are a 
function of the total dose and not the con- 
centration of the solution. Levels were sim- 
ilar when a particular total milligram dose 
of tetracaine was applied over identical 
areas as a 2 or 4 per cent solution. The same 
was found to be the case when cocaine was 
applied as a 4 and 10 per cent solution. The 
blood levels after infiltration reached a 
peak 5 to 10 minutes after completion of 
the injection. With use of comparable doses, 
the peak level of tetracaine after topical 
application to the pyriform fossae was 35 
pg, while after infiltration the peak was 
2 wg. The peak level when slow infusion 
was used was 3 y»g; with rapid infusion, 
80 »g. Thus, it is apparent that application 
of a local anesthetic to a mucous surface 
closely simulates rapid intravenous injec- 
tion. Untoward reactions occur far more 
frequently after topical use than after in- 
jection. The pattern of absorption presented 
by these data strongly suggests that the 
high plasma levels after topical use are di- 
rectly responsible. 

The rate of absorption varies with the 
mucous surface.® Absorption is more rapid 
from the trachea than from the pharynx. 
Instillation of either cocaine or tetracaine 
into the trachea resulted in higher peak 
levels, a steeper slope, and a more rapid 
build-up than application to the pharynx. 
Higher levels and steeper curves were ob- 
tained when animals were placed in the 
upright position than prone.*1%3 The solu- 
tion obviously gravitates into the alveoli, 
from which it is more rapidly absorbed. 
Cocaine solutions nebulized into particles 
of 3 » or less diameter pass into the alveoli 
and are rapidly absorbed when inhaled. 
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The absorption from the epithelium of 
the respiratory tract seems to differ from 
that of the mucous membranes elsewhere. 
Woods, McMahon, and Seevers!** reported 
no significant blood drug levels after in- 
stilling cocaine into the stomach of dogs. 
Steinhaus,'** by use of the pharmacologic 
approach, concluded there is no appre- 
ciable absorption from the mucous mem- 
branes of the esophagus and stomach. 
These findings appear startling since they 
are contrary to what one would expect. 
However, Adriani and Campbell®® likewise 
obtained no detectable drug levels after 
instilling tetracaine and cocaine into the 
stomach or esophagus. Several possible ex- 
planations may be offered for the apparent 
lack of absorption from the stomach. Many 
drugs are poorly absorbed from the stom- 
ach. Perhaps local anesthetics follow this 
pattern of behavior. Perhaps the drug is 
rapidly destroyed as it passes through the 
liver, which it must do if absorbed from 
the gastrointestinal tract. Further studies 
are needed before this question is an- 
swered. 

No blood drug levels could be demon- 
strated after instillation of either tetracaine 
or cocaine into the bladder.*® This is a 
reasonable finding, since few drugs pass 
through the mucous surface of the bladder. 
Data obtained after urethral instillation 
were inconclusive. No drug concentration 
in the blood was demonstrable. However, 
reactions are common after urethral instil- 
lation in human beings. How many of these 
reactions are due to absorption from mu- 
cosa traumatized by instruments is difficult 
to say, since this appears as a frequent com- 
plicating factor. 

Local anesthetics are not absorbed from 
the unbroken skin. They do pass into the 
blood if the skin is abraded. Adriani and 
Campbell®® found measurable drug levels 
in the blood when aqueous solutions of 
tetracaine, cocaine, procaine, and ointments 
of cocaine, tetracaine, and benzocaine in 
a water soluble base were applied to the 
skin over the abdomen, which had been 
freshly abraded. Peak concentrations of a 
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magnitude obtained after infiltration re- 
sulted in 6 to 10 minutes. 

Aqueous solutions of cocaine and tetra- 
caine and ointments of tetracaine and benz- 
ocaine were applied to the areas of skin 
burned in varying degrees.*® No detectable 
blood levels were obtained after applica- 
tion to first or second degree burns. If the 
vesicles remained intact and there was no 
raw surface, detectable drug concentrations 
were not obtained in cases of third degree 
burns. Applications were made immedi- 
ately and at intervals of 4 to 6 hours after 
the burning. Application of the drug to the 
raw surface after opening the vesicles gave 
detectable drug levels in the blood. No 
absorption occurred after application to 
the eschar of an old burn. When the eschar 
was removed and the drug applied to the 
raw surface, however, the blood drug levels 
were measurable. Thus, local anesthetics 
should be applied cautiously to a raw, 
granulating surface. 

Blood extracted from the jugular vein 
after pharyngeal instillation shows higher 
drug levels than blood drawn from the 
femoral vein. Femoral artery blood drug 
levels are lower than jugular artery levels. 
This indicates that a portion of the drug 
is either destroyed or stored in the lung 
on its passage from the jugulars to the right 
heart. The differences in the femoral ar- 
tery and the femoral vein blood concen- 
trations indicate that it is stored or de- 
toxified by the tissues on passage through 
the capillaries. 

The base is often applied to mucous 
membranes or an abraded skin surface as 
a suspension or incorporated in a water 
soluble or oily base as an ointment.*" 
Blood drug levels after applications of 
aqueous suspensions of cocaine and tetra- 
caine base do not differ remarkably from 
those obtained when equivalent quantities 
of base are applied as the salt. Detectable 
levels of drug in the blood follow applica- 
tion of ointments prepared using water 
soluble creams. No perceptible blood drug 
levels follow the application of ointments 
prepared with oily bases. 
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Retarding asborption by use 
of vasoconstrictors 


Vasoconstrictors are added to solutions 
of local anesthetics to retard absorption, in 
order to prolong the blockade.” Their use 
in highly vascular areas, as for example the 
scalp, is mandatory. The vasoconstrictor 
also keeps plasma levels minimal and 
thereby reduces systemic toxicity.®* 

A host of vasoconstrictor substances have 
been suggested for the purpose, the major- 
ity of which are aromatic amines closely 
allied to epinephrine. It is surprising that, 
among all these, epinephrine is the most 
effective.?°?!125 Ephedrine, phenylephrine, 
nordefrin,* and other drugs are compara- 
tively less potent and must be used in 
greater concentration. Even then, they are 
not as effective. Norepinephrine, although 
as effective as epinephrine, has caused 
sloughs and is not used for this reason.?* 
Anesthesia in intracutaneous wheals using 
0.5 per cent procaine with 1:10,000 epi- 
nephrine persists for 2 hours compared to 
the control. Ephedrine (1:100) in 0.5 per 
cent procaine produced anesthesia for ap- 
proximately 20 minutes. This is slightly 
better than a control using procaine alone. 
Vasoconstrictors are less effective subcu- 
taneously than intracutaneously because 
the blood supply is more abundant.®:* The 
ischemia is, therefore, more transient. In- 
trathecally, the duration of procaine is 
increased 60 per cent or more when epi- 
nephrine (1.0 mg.) is combined with the 
spinal anesthetic drug.*!7® Blood levels are 
difficult to measure after intrathecal instil- 
lation of local anesthetics for spinal anes- 
thesia.?° The circulating blood level is less 
after epinephrine is combined with the 
drug, indicating that vasoconstriction re- 
tards its passage from the intrathecal space 
into the blood.*® The concentration in 
cerebrospinal fluid persists for a longer 
period of time when epinephrine is com- 
bined with the drug than it does in the 
control.’ Interestingly, the systemic effects 
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of the vasopressor are insignificant.??-$? 
Presumably, the quantity absorbed per unit 
of time is relatively small and undergoes 
rapid destruction or elimination. 

Blood levels after infiltration or perineu- 


ral injection are less when epinephrine is 
combined with the agent than they are in 
the control.*“° On the mucous membranes, 
however, the situation is different. Neither 
epinephrine nor norepinephrine remark- 
ably retards absorption of topical anesthet- 
ics when mixed with the agent or when 
sprayed on the surface prior to application 
of the anesthetic.*° Blood levels do not dif- 
fer significantly from the control. Clinicians 
use far more epinephrine for infiltration 
than is necessary.!°* Effective vasoconstric- 
tion is obtained using a dilution of 1: 
100,000. Solutions that contain epinephrine 
sterilized by boiling or autoclaving lose 
their potency.*? Absorption of the vasocon- 
strictor causes pallor, tachycardia, hyper- 
tension, and other systemic disturbances. 
These are mistaken for a “reaction” but are 
not difficult to distinguish from the symp- 
toms of overdosage or intolerance to lo- 
cal anesthetics. However, vasoconstrictors 
never cause convulsions, coma, or respira- 
tory or cardiac failure. The epinephrine 
must be added to solutions at the time they 
are used, because the solution deteriorates 
on standing.® 

All local anesthetics with the exception 
of cocaine cause vasodilatation when in- 
jected subcutaneously or perineurally.' 
This comes about by a direct action on 
smooth muscle and by denervation of the 
blood vessels that supply the area. Heart- 
ened by the fact that cocaine possesses vas- 
oconstrictor properties, chemists have for 
a long time sought a local anesthetic with 
“built-in” vasopressor properties. Buteth- 
amine*!® appears to possess some degree 
of vasoconstrictor activity but not to the 
degree necessary for clinical effectiveness. 
The recently introduced mepivacaine'™! 
appears to possess some vasoconstrictor ac- 
tivity also. The behavior of cocaine topic- 
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ally on the mucous membranes is interest- 
ing. Otolaryngologists use the drug to 
shrink the mucous membranes. The vaso- 
constrictor effect apparently does not act to 
retard absorption. Suspensions of benzo- 
caine in 4 per cent cocaine result in identi- 
cal blood levels as suspensions in saline 
when applied topically to the pharyngeal 
mucosa.*° Ten and 4 per cent cocaine in 
quantities containing equivalent weights 
applied over the same surface areas result 
in similar blood levels.*° Clinicians have 
assumed that the 10 per cent solution causes 
more intense vasoconstriction and retards 
the absorption to a greater extent, thereby 
decreasing the toxicity. 


The spreading factor 
(hyaluronidase) 


Hyaluronidase, a mucolytic enzyme, has 
been added to solutions of local anesthetics 
to facilitate spread of the drug to reduce the 
incidence of failures. The enzyme hydro- 
lyzes the mucopolysaccharide, hyaluronic 
acid, which forms a barrier for the diffu- 
sion of fluids in the tissues.**7 The barrier 
is broken by the enzyme; this facilitates 
the spread of local anesthetic solutions and 
accelerates the onset of anesthesia. The 
enzyme reduces viscosity of tissue fluids 
but has little influence on fascia and perios- 
teum. Therefore, the spreading effect does 
not occur when the drug must traverse 
these barriers. Plasma levels rise more 
abruptly to higher peaks when the agent 
is used with local anesthetics for infiltra- 
tion.*° No histologic changes were noted 
in the subcutaneous tissues of rats injected 
with hyaluronidase.**7 Observations were 
made over a period of months after injec- 
tion. Eckenhoff and Kirby*® noted that so- 
lutions containing hyaluronidase caused 
redness which appeared within 5 minutes 
after injection in some persons. Tenderness 
was experienced for as long as 48 hours, 
but it generally receded. Reports indicate 
that the incidence of untoward reactions is 
greater when hyaluronidase is added, be- 
cause of the spreading. Epinephrine com- 
bined with the hyaluronidase retards the 
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absorption. The addition of hyaluronidase 
minimizes tumefaction and distortion of 
tissues in regional techniques.4° Hyalur- 
onidase facilitates penetration of topical 
anesthetics through mucous membranes.” 


Detoxification 


The importance of the metabolic fate of 
local anesthetics is obvious. The more 
slowly and incompletely a drug is detoxi- 
fied or eliminated, the greater its systemic 
toxicity.1°18 The ester and amide types 
undergo partial or complete hydrolytic 
cleavage in the body. Unmetabolized por- 
tions are eliminated unchanged into the 
urine by the kidney.** Detoxification of 
most local anesthetics is accomplished al- 
most entirely by the liver. Some breakdown 
occurs in the kidney, in muscle and other 
tissues, and in plasma.'* Most of the in- 
formation on detoxification of local anes- 
thetics is from animal studies. Few data 
are available from studies ‘on man. The 
ester type of compounds are hydrolyzed 
to their respective acid and amino alcohol. 
Hydrolysis is accelerated by enzymes in the 
liver, in other tissues, and in plasma.?* The 
hydrolysis of procaine, for example, is cata- 
lyzed by a group of several enzymes for- 
merly referred to as procaine esterases®® 
into p-aminobenzoic acid and diethylamino- 
ethanol. Procaine esterase has been shown 
to be identical to the pseudocholinester- 
ases.°® Serum pseudocholinesterases are not 
specific for procaine, since they aid in the 
hydrolysis of acetylcholine, tetracaine, 
chlorprocaine, methylcholine, succinylcho- 
line, and so on. Physostigmine retards the 
hydrolysis of procaine in vitro.”* In the 
intact animal, however, anticholinesterases 
appear to exert little or no effect on the rate 
of hydrolysis of local anesthetics. The rate 
of detoxification of a drug depends upon 
the metabolic state of the individual who 
receives the drug. Whether or not varia- 
tions in activity of the enzyme play a role 
has not been established with certainty. 
Plasma pseudocholinesterase levels are de- 
creased in certain disease states.®® Low lev- 
els are found in hepatic dysfunction in pa- 
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tients with toxic goiters, severe anemias, 
and diseases caused by inadequate nutri- 
tion. Detoxification of local anesthetics may 
be retarded and symptoms of systemic toxi- 
city may appear in this type of patient. 

An undetermined amount of nonenzymic 
breakdown of a local anesthetic also occurs 
in vitro and in vivo. The amount varies 
from tissue to tissue and with each drug. 
The p-aminobenzoic acid resulting from 
the breakdown of procaine may be conju- 
gated with glycine to aminohippuric acid, 
methylated to p-ethyl aminobenzoic acid, 
or eliminated unchanged into the urine.*4 
The three reactions may occur simultane- 
ously. The conjugated products are also 
eliminated into the urine. Approximately 
25 per cent of the alcohol (diethylamino- 
ethanol) is excreted unchanged into the 
urine. Presumably, the remainder is metab- 
olized in the body. The hydrolysis of pro- 
caine occurs rapidly.’ In the cat, a fatal in- 
travenous dose is hydrolyzed within 20 
minutes. The toxic dose in man is not 
known. Human plasma hydrolyzes the 
ester type of compound twenty to forty 
times faster than plasma of laboratory ani- 
mals.®° Halogenation of procaine increases 
the facility for hydrolysis. Procaine is hy- 
drolyzed at one-third the rate of 2-chloro- 
procaine.®*®° This increased facility for 
hydrolysis is also seen with 2-bromprocaine, 
3,5-dichloroprocaine, and 2-chlorthiocaine. 
Rapid hydrolysis confers upon a drug the 
clinical advantage of low systemic toxicity. 
The majority of benzoic and aminobenzoic 
acid esters are hydrolyzed partially or com- 
pletely in the body. The more complex 
esters, such as cocaine, tetracaine, and bu- 
tamin,* are hydrolized more slowly. Tetra- 
more difficulty, and incompletely. Tetra- 
caine is hydrolyzed at one-fifth the rate of 
procaine. The amides are more resistant to 
cleavage. Lidocaine is very stable and re- 
sists hydrolysis in vitro.°* In vivo, however, 
it undergoes metabolic change.'** The aro- 
matic ring is converted into a hydroxy 
compound which is conjugated with sul- 
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furic acid and eliminated into the urine. 
Less than 30 per cent appears in the urine 
within the first 4 hours. The plasma level 
has been found to fall quickly in man. Lido- 
caine appears to have the facility for 
diffusing quickly from the tissues.9® An 
intracutaneous wheal disappears almost 
immediately after injection. The rapidly de- 
clining plasma level may be due to this 
apparent facility for diffusion.5* Piperocaine 
is hydrolyzed at one-sixth the rate of pro- 
caine. Data on the metabolic fate of many 
of the newer drugs in either man or animals 
are not available. Analytic methods are 
either not available or too tedious. The 
danger of applying results of animal studies 
to man cannot be emphasized too strongly. 
Wide species differences are often noted. 
In dogs and humans, for example, cocaine 
is excreted unchanged into the urine, 
while rabbits detoxify the drug completely 
by hydrolysis to ecgonine and_ benzoic 
acid.71:154 


Destruction in situ 


Little is known about the destruction of 
the drugs in the nerve and perineural tis- 
sues. The general behavior of the drug in 
the nerve fiber strongly suggests that little 
or no destruction occurs. Chloroprocaine, 
for example, is more potent than procaine 
in regard to its local blocking effect but is 
hydrolyzed in one-third the time in the 
plasma. The block lasts more than 1 hour. 
The hydrolysis in plasma is complete 
within 5 minutes. 

Drugs which are destroyed or eliminated 
slowly are, as a rule, more toxic system- 
ically than those which are easily elimi- 
nated or detoxified.® Practically speaking, 
the safety of most local anesthetics depends 
upon the balance between the absorption 
of the drug into the blood stream and its 
removal from the blood by destruction, 
storage, or excretion into the urine. In gen- 
eral, the éster type of compounds are more 
easily hydrolyzed than those which have 
the amide or ether type of linkage. The fate 
of hydroxy compounds has not been stud- 
ied, presumably because they are so little 
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used and arouse little interest. Obviously, 
since they are not esters, they cannot un- 
dergo hydrolysis. 

Toxicity 

Although potency and duration of action 
are important characteristics, the worthi- 
ness of a local anesthetic drug is decided 
by its toxicity. Toxicity may be either local 
to the tissues or systemic. Irrespective of 
the manner by which a drug is adminis- 
tered, whether it be topically, perineurally, 
or intrathecally, it ultimately passés into 
the vascular system and then is elimi- 
nated.*® The attainment of a certain blood 
level, the value of which varies with the 
drug and the susceptibility of the individ- 
ual, causes a train of symptoms referred 
to as a reaction. The type of symptoms 
which develop, their severity, and their 
duration depend upon the blood level, the 
rapidity by which it is attained, and the 
amount of drug which perfuses the sus- 
ceptible organs. The organ systems which 
manifest the most obvious susceptibility are 
the central nervous system and the cardio- 
vascular system.®! The lower the blood 
level necessary to precipitate an untoward 
response, the more toxic the drug. It has 
been emphasized that blood level depends 
largely upon the rate of absorption of a 
drug from the injection site and the rate 
of clearance from the blood stream. These 
two factors are of utmost importance in es- 
tablishing precautionary measures and in 
the selection of proper drugs for clinical 
use. The maintenance of a low plasma level 
depends upon the ease with which destruc- 
tion of the drug occurs, the rate of clear- 
ance by the kidney or detoxification by the 
liver, and the capability of storage in the 
tissues. After infiltration or nerve-blocking 
techniques, minute amounts of a local an- 
esthetic drug may be detected in the blood 
for some time after the injection is com- 
pleted. A perceptible degree of systemic 
general analgesia may be detected.”° Po- 
tency and toxicity of local anesthetic drugs 
do not necessarily parallel each other. A 
drug may, for example, be ten times more 
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potent than the standard of comparison and 
fifteen times more toxic on a weight-for- 
weight basis. On the other hand, the drug 
could be ten times more potent but only 
half as toxic. Such a drug, if one could be 
found, would have a definite clinical ad- 
vantage over the standard. The potency 
and toxicity of a drug under study are com- 
pared with a standard. Procaine is now 
used as the standard of comparison for an- 
esthetics intended for infiltration, perineu- 
ral, and other types of blocking. The effec- 
tiveness of drugs intended for surface an- 
esthesia is compared with cocaine, since 
procaine possesses a feeble topical effect. 
The principal factors in determining the 
toxicity of a local anesthetic drug are (1) 
the rate of inactivation, (2) the rate of 
diffusion into the tissues, (3) the rate of 
absorption from the site of injection, (4) 
the inherent toxicity of the drug, and (5) 
the susceptibility of the individual to the 
drug. | 


Methods of testing 


It is virtually impossible to correlate the 
vast accumulation of data from various lab- 
oratories concerning potency and toxicity 
because of the diversity of the experimental 
methods employed to obtain the data. 
Standardized uniform methods of testing 
are nonexistent. Each investigator has his 
own method or routine for evaluating a 
new drug. Some authors emphasize the 
minimal effective concentrations when in- 
vestigating a drug; others determine the 
duration of action; others the period of 
latency. The anesthetic index is used by 
some in evaluation of a new drug in the 
laboratory. The anesthetic index takes into 
consideration toxicity and potency in rela- 
tionship to a standard of comparison. The 
index for a particular drug is meaningless 
unless the method employed and condi- 
tions used to determine the index, such as 
species of animals, status of the animal, 
environmental room temperature, concen- 
tration time, and so on, are stated. Compar- 
isons of indices are valid only when data 
concerning each drug are obtained under 
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identical experimental conditions. Expres- 
sions of potency and anesthetic indices dis- 
regard duration of action and period of 
latency, both of which are important con- 
siderations. The more potent drugs not 
only are longer lasting but are character- 
ized by slower onset and slower recovery.”! 

The inherent toxicity of a drug is de- 
termined by the rapid intravenous admin- 
istration into several species of animals. 
The rate of inactivation and diffusion from 
the site of injection have little influence on 
the results and, therefore, do not enter to 
any degree into intravenous studies. Com- 
parisons are made under identical circum- 
stances to be valid. The rate of injection, 
concentration of the solution, age, size, and 
state of nutrition of the animal, body temp- 
erature, environmental temperature, temp- 
erature of the solution, and so on, must be 
identical. Data on toxicity obtained from 
intravenous administration studies differ 
from those obtained from subcutaneous or 
intraperitoneal injection because the rate 
of absorption and diffusion then enters into 
the picture. Subcutaneous and _ intraperi- 
toneal injections are used to study the in- 
fluence of diffusion and the rate of inactiva- 
tion. Cumulative effects are studied by 
observing the responses after intermittent, 
subcutaneous, or intravenous injection. De- 
layed and chronic toxicity are studied by 
repeatedly injecting the drug into animals 
over a period of weeks or even months. 
Obviously, information on toxicity of a new 
local anesthetic can only be obtained from 
studies in the laboratory of several species 
of animals. Then, cautious clinical use must 
be resorted to before the drug can be re- 
leased. Confirmation of the safety and use- 
fulness is obtained only after extensive clin- 
ical experience. It is not uncommon for a 
drug which appears to be ideal in the lab- 
oratory to be disappointingly unsuitable 
clinically. Clinicians continually seek tables 
of limits of dosage. It is virtually impossible 
to provide such information, since so many 
variable factors are involved in clinical 
usage of a drug. Qualitatively, species re- 
sponses are quite similar; quantitatively, 
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they may be quite different. Then, too, var- 
iations occur within a species. One variable 
which cannot be assessed in the clinical 
use of a local anesthetic is the degree to 
which tolerance is altered by the patho- 
physiologic effects of the patient’s dis- 
ease.*:® 


Precautionary measures 


Ordinarily, during various forms of re- 
gional anesthesia, blood levels are less than 
the toxic level for a particular drug and no 
systemic manifestations develop. Precau- 
tionary measures followed to avoid sys- 
temic intoxication are? (1) limitation of 
the total quantity of the drug used, (2) 
use of the minimum quantity of the most 
dilute effective solution, (3) retardation of 
absorption by adding vasoconstrictors, and 
(4) avoidance of inadvertent intravenous 
injection. When the plasma concentration 
exceeds the tolerable level, symptoms of 
overdosage appear. Symptoms of overdos- 
age appear to be directed to either the 
nervous system or the vascular system. Both 
may be involved simultaneously. Other 
organ systems may be involved, but the 
symptoms in these two systems mask ef- 
fects in other organs. Clinicians refer to 
reactions as the vascular type or the central 
nervous system type. If the drug is one of 
great potency or the overdosage is massive, 
however, both systems may be involved 
simultaneously. As a rule, when systemic 
intoxication occurs clinically the central 
nervous system is involved more frequently 
than the vascular system.®1*4 Central exci- 
tation develops when the blood level rises 
abruptly, as might occur after an inad- 
vertent intravenous administration. The 
more gradual build-up to the intolerable 
level usually involves absorption of greater 
quantities of drug and is characterized by 
the vascular type of response.* !*4 


Central nervous system responses 


The symptoms referable to the nervous 
system have been documented time and 
time again. Initially stimulation occurs, fol- 
lowed. by depression. There is increased 
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sensitivity of the cerebral cortex to elec- 
trical stimulation. The electroencephalo- 
gram shows an epileptiform type of pattern. 
The stimulation occurs from above down- 
ward, that is, the cortex is involved first, 
then the subcortical areas next, then the 
midbrain, and finally the medulla. This 
stimulation in humans is characterized first 
by excitement and then by various neuro- 
muscular phenomena terminating in con- 
vulsions. The convulsions may be tonic or 
clonic; simultaneously, however, a depres- 
sion of other areas may occur. But the pat- 
tern does not always follow this sequence. 
One area of the brain may be responding 
by excitation while another is responding 
by depression.'** Medullary depression 
characterized by respiratory failure may 
occur simultaneously with convulsions. This 
has been noted in man during intoxication 
with tetracaine.*°° Excitement, apprehen- 
sion, disorientation, nausea, and vomiting 
are often prodromal signs which precede 
the convulsions. Frequently, the prodro- 
mata are overlooked or these symptoms are 
termed hysteria by physicians unaware of 
the hazards of local anesthesia. The sever- 
ity and duration of convulsions vary with 
the nature of the drug used, the quantity, 
the rapidity of absorption, and the suscep- 
tibility of the patient. Massive quantities of 
drug infused intravenously rapidly may 
cause fleeting convulsive manifestations 
which are quickly followed by severe cen- 
tral nervous system depression and cardio- 
vascular collapse. The depressed phase of 
the reaction is characterized by coma, com- 
plete loss of reflexes, apnea, and circulatory 
failure. Reactions occur within minutes after 
the administration of an excess of drug. 
They seldom last more than a few minutes. 
Convulsions which appear several or more 
hours after a local anesthetic has been used 
or which tend to recur after the drug has 
been discontinued invariably are due to 
some other causes and not the drug.5 The 
convulsions are antagonized by central 
nervous system depressants. Barbiturates 
have been employed ever since Tatum and 
his associates!*!!42 demonstrated that cen- 
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tral depressants protected against intoxica- 
tion from cocaine. The extremely short- 
acting barbiturates are best suited for the 
purpose because they are potent, they act 
promptly, and their duration of action is 
brief. Thiopental, hexabarbital, and thiam- 
ylal are used for surgical anesthesia and 
are, therefore, immediately available for 
use in the operating room in the event a 
reaction occurs. Secobarbital, pentobarbi- 
tal, and amobarbital are more practical for 
outpatient use because of their more ready 
availability.» These are dispensed, ready 
for immediate injection, in sealed ampules 
as aqueous solutions dissolved in certain 
polyethylene glycols* or in propylene 
glycol. Thiopental and other extremely 
short-acting barbiturates are dispensed in 
powdered form. In an emergency, valuable 
time is consumed in preparing solutions for 
injection. The thiopental is administered in 
fractions of 2 or 3 ml. of a 2 per cent solu- 
tion at 4 to 1 minute intervals until the con- 
vulsions disappear. It cannot be empha- 
sized too strongly that a 3 or 4 minute la- 
tent period precedes the onset of action of 
most short-acting barbiturates, while less 
than a 1 minute latent period precedes the 
very short-acting compounds.® During this 
3 or 4 minute interval, excitement and con- 
vulsions persist and the temptation to con- 
tinue to inject the drug rapidly is difficult 
to overcome. Barbiturate overdosage re- 
sults, and this superimposed upon depres- 
sion caused by the anesthetic creates a pre- 
carious situation. An estimated dose of 100 
to 200 mg. should be administered intra- 
venously in 50 mg. fractions and then suf- 
ficient time should be allowed for the drug 
to act before an additional quantity is in- 
jected. Barbiturates merely antagonize 
stimulation of the central nervous system. 
They are incapable of neutralizing the local 
anesthetic, inactivating it, or hastening its 
detoxification. They should never be used 
for reactions characterized by depression, 
coma, or respiratory or circulatory failure.® 


®Carbowax. 
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Long-acting barbiturates, such as barbital, 
phenobarbital, and butabarbital, are the 
least desirable of the barbiturates, and they 
should be used only when more potent, 
rapidly acting compounds are not available. 
Hypnotics of the aliphatic type, such as 
chloral, tribromethanol, bromal, or paral- 
dehyde, and the narcotics are not suitable 
as antagonists. The effectiveness of seda- 
tive doses of barbiturates in preventing 
systemic reactions has been overempha- 
sized. Doses which approximate the basal 
narcotic or anesthetic dose are necessary to 
prevent excitation.'** Some clinicians ques- 
tion whether or not barbiturates should be 
used at all.11! The pendulum appears to be 
swinging in the opposite direction regard- 
ing prophylactic use of barbiturates and 
some clinicians now recommend omitting 
them. Irrespective of the stand one takes 
in regard to prophylactic premedication, 
barbiturates are helpful once convulsions 
have appeared. They cause the epilepti- 
form pattern observed on the electroen- 
cephalogram to disappear.**1*® The spas- 
modic muscle contractions interfere with 
ventilation and favor the development and 
maintenance of a semiasphyxial state which 
aggravates the situation. Barbiturates abol- 
ish the neuromuscular phenomenon and, at 
least, permit one to ventilate the patient 
and correct the anoxia. Barbiturates act 
only as pharmacologic antagonists and are 
only of benefit when excitation is present. 
They not only are unnecessary when the 
depressed phase has ensued, but they may 
actually do harm since they enhance an al- 
ready existing depression.» They are of 
value to minimize or avert borderline in- 
toxication, even though they do not pre- 
vent reactions caused by frank overdosage. 
Barbiturates are not objectionable for pre- 
medication in situations in which it is feas- 
ible to use them. Barbiturate premedication 
should not be administered to ambulatory 
patients undergoing minor surgical opera- 
tions. However, they are desirable for pre- 
medication when extensive nerve blocking 
or infiltration which requires maximal 
quantities of local anesthetic is contem- 
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plated. Provisions for hospitalization or re- 
covery room care should be made in these 
situations. Clinicians instinctively reach for 
analeptics when confronted with problems 
of resuscitation. These, likewise, are of no 
benefit and may actually be harmful.5 The 
depressed phase is characterized prin- 
cipally by apnea, hypotension, and reduced 
cardiac output. The usual measures are to 
promptly institute artificial ventilation and 
antagonize the cardiovascular collapse by 
use of vasopressor drugs (ephedrine, 
epinephrine, phenylephrine, etc.). Local 
anesthetics should not be administered 
unless a short-acting barbiturate, a vaso- 
pressor, and an effective method of per- 
forming artificial respiration are imme- 
diately available.® Some local anesthet- 
ics produce a comalike state. Reactions 
which follow use of an excess of tetracaine 
have caused such a response. Lidocaine 
also causes similar responses. This, how- 
ever, is milder and immediately causes 
a sleepiness and a drowsiness which is fre- 
quently accompanied by amnesia without 
respiratory or circulatory depression. In 
the absence of respiratory depression and 
changes in pulse or blood pressure, no ther- 
apy is required except watchful waiting 
until the symptoms disappear. Should the 
symptoms become progressively worse and 
hypotension appear, vasopressors and ar- 
tificial respiration are indicated. 


Cardiovascular responses 


The effects of local anesthetics on the 
vascular system have been documented 
many times.7®:?9.48.81,88,153,155 By and large, 
they reduce cardiac irritability and depress 
the heart. They are employed for these pur- 
poses when myocardial irritability exists to 
minimize arrhythmias. Use of an excess or 
the inadvertent build-up of a high plasma 
level leads to myocardial failure and in 
some cases ventricular fibrillation. The ef- 


’ fects on the vascular system may develop 


simultaneously with the central depression 
or they may occur alone. In addition to the 
myocardial depression, local vasodilatation 
also occurs. Each of these effects or both 
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combined causes varying degrees of hypo- 
tension and changes in the pulse rate and 
in cardiac rhythm. When both cardiac de- 
pression and vasodilatation develop, an 
extreme degree of hypotension occurs. 
Myocardial depression without vasodilata- 
tion is usually characterized by a slow 
pulse and reduced pulse pressure. De- 
creased systolic, diastolic, and pulse pres- 
sures are observed when vasodilatation pre- 
dominates. The onset of the circulatory 
type of reaction is usually heralded by pro- 
dromata. However, it may be abrupt. Pal- 
lor, tachycardia, syncope, and complete ab- 
sence of the pulse and blood pressure may 
suddenly occur. In the less severe responses 
to excesses, the onset of circulatory failure 
is gradual over a period of 5 to 10 minutes. 
The patient may become drowsy and pass 
into a comalike state. Such reactions have 
been incorrectly called idiosyncrasy or sen- 
sitivity. They are, however, caused by over- 
dosage and result from failure to observe 
basic principles and precautions outlined 
for using local anesthetics. In general, the 
vascular type of reaction may be overcome 
by the use of vasopressor substances such 
as ephedrine, methoxamine, desoxyephed- 
rine, and phenylephrine intravenously. 
Sympathomimetic amines which possess an 
ionotropic effect on the heart are superior 
to those which do not when myocardial 
depression occurs.®:'34 When the circula- 
tion fails completely and cardiac standstill 
is suspected, thoracotomy must be _ per- 
formed and manual cardiac massage insti- 
tuted simultaneously with artificial respira- 
tion without delay. Cardiovascular mani- 
festations of intoxication occur in patients 
with myocardial disease when regional 
blocks are performed with quantities of 
local anesthetics normally used in healthy 
adults. Operations are frequently performed 
in “poor risk” patients on the erroneous as- 
sumption that local anesthesia is better 
tolerated than other forms. This is not nec- 
essarily so. 

Allergic responses to local anesthetics 
occur after one or more exposures to a drug 
or a member of a family of drugs.®41:7.122 
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The drug in combination with a protein 
forms a complex which acts as an antigen. 
Subsequent exposure produces skin rashes, 
urticaria, laryngeal edema, bronchospasm, 
and other manifestations of an antigen- 
antibody response. The symptoms are 
totally dissimilar to those which result from 
systemic intoxication. Furthermore, their 
onset is often delayed and they may de- 
velop several hours to days after use of the 
drug. Allergic responses are, relatively 
speaking, uncommon. Most difficulties aris- 
ing from the use of local anesthetics are 
due to systemic intoxication caused by the 
use of excessive quantities.® 


Chemical structure and toxicity 


Some correlations can be made between, 
chemical structure and systemic toxicity. 
Some of these have been described earlier. 
Generally, the potent, clinically useful, in- 
jectable anesthetics tend to be convulsants 
and cardiac depressants. Beutner and Cal- 


esnic! have pointed out that all the effec- 
tive, efficient local anesthetics stimulate the 
cerebral cortex and that the convulsive 
power in most instances parallels activity. 
In spite of statements made to the contrary, 
the clinically useful local anesthetics, with 
few unimportant exceptions, conform to the 
general configuration of hydrocarbon, an 
aliphatic pivot (isoteric group) and an 
amino group. Departure from this configur- 
ation leads to drugs which are less efficient 
and are locally irritating from a clinical 
standpoint. The alcohol type of drug 
(benzyl alcohol), the antihistamines and 
the allied phenylenediamines, the cupreines 
(quinine ), and the barbiturates are capable 
of causing some degree of blockade. How- 
ever, their structures depart from this gen- 
eral molecular configuration. Likewise, their 
efficiency as local anesthetics leaves much 
to be desired. In addition, they cause con- 
siderable local irritation. Systemically, they 
manifest little convulsant activity. 


Local toxicity 


Numerous local anesthetics have been 
prepared, studied, and discarded because 
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they cause irreversible changes in nervous 
or perineural tissues or both.35.37,39,44,66 
Generally, these drugs have a necrotizing 
effect. Injury resulting from mechanical 
factors, such as needle punctures and pres- 
sure to the nerves and surrounding tissues, 
may be an additional factor which is super- 
imposed upon the chemical injury caused 
by the drug.!"! The possibility that the free 
base could be precipitated when intro- 
duced into alkaline tissue fluid and excite 
a foreign body reaction has been suggested. 
This is doubtful because drugs now in use 
do not behave in this manner. Most of 
them precipitate in media having a pH 
above 8.*8 


Aqueous solutions of salts of local anes- 
thetics are acid in reaction and are, thus, 
capable of interacting with metals. Local 
irritation has been reported resulting from 
such interaction with metal plungers and 
other parts of syringes which come into 
contact with the solution. Chemical irrita- 
tion has been caused by solvents used to 
form suspensions or solutions of drugs of 
low solubility, such as propylene, propylene 
glycols, and almond, peanut, and other oils. 
Such solutions have been used to produce 
long-lasting anesthesia. Actually, truly re- 
versible local anesthetic drugs seldom pro- 
duce a block that lasts more than 2% to 3 
hours. Blocks lasting longer than 2% hours 
may be obtained by the addition of poten- 
tiating agents such as potassium, calcium, 
or magnesium ion or vasopressors such as 
epinephrine or norepinephrine to retard ab- 
sorption. Intense vasoconstriction resulting 
from the use of the vasopressors has caused 
slough. The addition of electrolytes like- 
wise has been followed by edema and 
slough. 

As a rule, the majority of injectable 
local anesthetics cause no permanent neural 
or perineural injury. Mannheimer, Piz- 
zolato, and Adriani!®* have studied the ef- 
fects of perineural administration of aque- 
ous solutions of procaine, tetracaine, lido- 
caine, chloroprocaine, dibucaine, pipero- 
caine, and hexylcaine upon the sciatic 
nerve and soft tissues of the rat. Hexyl- 
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caine* and piperocaine’ caused transient 
changes in the nerve. Similar results have 
been reported by other workers.'*° 


Long-lasting local anesthetics 


Clinicians who use nerve blocks for pain 
relief and other therapeutic purposes 
dream of a reversible, nonnecrotizing local 
anesthetic which would provide a_ block 
lasting days or weeks. However, none have 
yet been found, neither do any appear to 
be in the offing. Dibucaine is the longest 
lasting of the truly reversible local anes- 
thetics. Other agents used for producing 
long-lasting anesthesia do so by causing 
neurolysis and transient or even permanent 
damage to sensory and other nerve fibers 
and to soft tissue parts. Among agents 
most frequently used for this purpose are 
alcohol, 6 per cent phenol, oily solutions of 
procaine and other local anesthetics, qui- 
nine and its derivatives, and aqueous am- 
monium sulfate.?:1§ 


The majority of histologic changes re- 
ported to follow nerve blocking are caused 
by the use of preparations intended for 
long-lasting anesthesia. Histologic changes 
are evident for days after the onset of the 
block. Many preparations are solutions or 
suspensions of the free base of a local an- 
esthetic in oils or glycol. When injected 
into the tissues, they precipitate as they 
come in contact with water and cause a 
foreign body reaction. The solvent alone, 
without added anesthetic, in some cases is 
capable of causing neurolysis. When pro- 
pylene glycol or solutions composed of it 
are injected into the tissue, water is ab- 
stracted from the cells. The drug precipi- 
tates and causes a foreign body reaction 
and cells exhibit crenation because of de- 
hydration. Extensive damage to tissues has 
been reported by the use of one such solu- 
tion,+106 

The fact that oils produce nerve degen- 


eration has been well demonstrated by 


*Cyclaine. 
tMetylceaine. 
tEfocaine. 
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Duncan and Jarvis'’ and others.** They 
studied the effect of a variety of agents on 
the facial nerve in cats. They mapped the 
area of anesthesia and correlated changes 
in sensation with histologic changes of 
nerves. Three groups of local anesthetics 
in almond oil were studied. All contained 
benzyl alcohol in addition to the local an- 
esthetic. The first was composed of 1.5 per 
cent procaine base, 60 per cent butyl 
aminobenzoate, and 5 per cent benzyl al- 
cohol. The second solution contained 0.5 
per cent dibucaine, 10 per cent benzyl al- 
cohol, and 10 per cent ethyl alcohol. The 
third contained 1 per cent isoamylhydro- 
cupreine,* 3 per cent benzocaine, and 5 per 
cent benzyl alcohol. The first caused anes- 
thesia that lasted from periods of 2 to 3 
hours to 3 or 4 days. The second mixture 
caused anesthesia 2 to 21 days, and the 
third mixture caused anesthesia lasting 1 
hour. Oil alone caused no anesthesia. It 
was concluded that oil soluble anesthetics 
are anesthetic only because they cause 
nerve degeneration. Benzyl alcohol used 
alone in concentration of 5 per cent or more 
caused well-defined changes. 


Systemic use of local anesthetics 


During the past decade, local anesthetics 
have been administered intravenously by 
slow infusion for therapeutic purposes. At 
one time, the enthusiasm for the intrave- 
nous use of procaine and its allies had 
reached such proportions that this method 
of therapy had almost become a panacea. 
Reports by zealous clinicians based upon 
hastily gathered clinical impressions 
claimed therapeutic efficacy for a host of 
clinical syndromes from itching to rheuma- 
toid arthritis.7° The slow intravenous infu- 
sion of procaine has been advocated for an- 
algesia during operation. While it is con- 
ceded that some degree of analgesia over 
the entire body results from the circulating 
drug after subcutaneous infiltration,’ this 
is hardly sufficient to abolish painful stimuli 
of the intensity found during operation. 





*Eucupine. 


668 Adriani 


Carefully controlled observations by Keats 
and Beecher*® reveal that the degree of an- 
algesia is of little consequence and not of 
sufficient intensity for pain relief either 
during or after operation. Local anesthetics 
have been employed intravenously to re- 
duce venospasm during the transfusion of 
refrigerated blood. The slow infusion has 
been used to prevent arterial spasm result- 
ing from radiopaque substances during an- 
giography. Beneficial effects in therapy for 
arthritis have been claimed presumably to 
increase blood flow in the diseased part by 
vasodilatation. Adequate proof that this 
occurs is lacking. Local anesthetics de- 
crease synaptic transmission at internuncial 
neurons within the nervous system, particu- 
larly the cord.1!* Adriani and Godman used 
intravenous procaine combined with thio- 
pental to “soften” muscle spasms in patients 
with tetanus. Some decrease in hypertonus 
and excitability were obtained, but not to 
the extent which justified the efforts and 
hazards involved. Both thiopental and pro- 
caine are myocardial depressants, and cir- 
culatory embarrassment is a consideration 
that cannot be dismissed lightly. Recently, 
intravenous lidocaine has been used to 
overcome epileptiform seizures.!* Procaine 
has been used for treatment of allergic 
states,'!818° particularly urticaria, which 
has not responded to other forms of ther- 
apy.'* It is conceded that procaine pos- 
sesses some antihistaminic effect, but it is 
so feeble that it is doubtful that beneficial 
results can be ascribed to this action. The 
dramatic incidences of relief reported prob- 
ably are coincidental occurrences. Local 
anesthetics depress the myocardium and 
slow conduction.®9:151:153,155 Thus, there is 
a rational basis for their use in decreasing 
irritable states of the myocardium and con- 
ductive tissues.?1,194133,148 The amide of 
procaine, which is devoid of strong central 
excitant effects, is superior to procaine for 
the purpose.** The actions of both procaine 
and procaine amide and quinidine are alike 
in their effects. Unfortunately, excess of 
procaine or procaine amide may precipitate 
arrhythmias they are supposed to reduce. 
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Ventricular fibrillation has been reported 
when excessive quantities have been em- 
ployed. 

The intravenous use of local anesthetics 
has been abandoned to a large extent. Still, 
some workers persist in their belief that it 
has a place in therapeutics and continue to 
use them.*! Among these who feel that 
this method has merit is Steinhaus, who 
advocates the use of lidocaine intraven- 
ously. Lidocaine behaves somewhat differ- 
ently from other local anesthetics in regard 
to its central effects. It appears capable of 
producing a certain degree of amnesia and 
in certain cases the response is similar to 
intoxication from alcohol.® 

It has been indicated in the foregoing 
paragraphs that untoward reactions from 
local anesthetics are caused by high circu- 
lating plasma levels. Some clinicians can- 
not reconcile the fact that reactions result 
from high plasma levels and that the drugs 
can be infused without ill effects. The im- 
portant consideration between the two sit- 
uations is the time factor. Usually, 1 Gm. of 
procaine is administered slowly over a pe- 
riod of 1 hour. Lidocaine, tetracaine, and 
dibucaine have been used in the same man- 
ner as procaine. Allergy to procaine has 
been reported after repeated use intraven- 
ously.!°2 The incidence is not known, but 
comparatively speaking it is rare. 
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Symposium on the 


study of drugs in man 


Part V. Medical experimentation: 


Legal considerations 


Irving Ladimer, S.J.D. New York, N. Y. 


The recent phenomenal growth of ex- 
perimentation and future prospects for ac- 
celeration of this trend in virtually all 
branches of medical art and science impose 
on every responsible investigator the spe- 
cific obligation to insure that his plans and 
actions accord with legal requirements. 
This duty is especially vital when studies 
involving human beings are considered. 
First, our morality and ethical systems as 
reflected in law, written and unwritten, 
have been developed to safeguard individ- 
ual rights and integrity—the standards of 
medical practice standing at the peak in 
this regard. Second, the increasing com- 
plexities, unknown risks, and our experi- 
ence concerning unanticipated effects war- 
rant exceptional care. And, third, it is in 
the best interests of scientific advancement 
and community benefit to conduct the proc- 
ess of experimentation involving persons in 
such manner that professional and public 
support will be sustained at optimum level. 

There is every indication that scientific 
leaders wholeheartedly accept these prin- 
ciples and are constantly seeking ways to 
define and carry out their professional and 
public obligations. Noteworthy, for exam- 
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ple, were the recent conferences in the 
United States on the Legal Environment 
of Medical Science! and in England on 
Quantitative Methods in Human Pharma- 
cology and Therapeutics.? The former con- 
centrated in large measure on legal impli- 
cations of modern medical research and the 
latter devoted considerable attention to eth- 
ical aspects of clinical trials. The medico- 
legal literature, moreover, is currently most 
expressive in this area, replete with ques- 
tion and communication as well as warning 
concerning possible excesses and overen- 
thusiasm.*:45 

A basic issue presented in most of 
these discussions, however, turns on the 
nature of experimentation: its attributes, 
the requirements and standards set by law, 
and the application of legal precept and 
decision to the various types of endeavor 
now undertaken. 


Experimentation as 
defined in law 


A medical newspaper has commented 
that twentieth-century medical research is 
forced to exist in the legal climate of the 
eighteenth century.® This observation stems 
from the fact that the courts have used the 
term “experimentation” in the sense of mal- 
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practice. The situation of the controlled, 
clinical trial, for instance, has fiot yet been 
litigated. Consequently, no judicial forum 
has squarely faced the significant differ- 
ence between (a) scientifically developed 
deviation from established practice, em- 
bodying careful regulation of conditions to- 
ward comprehension of new medical prin- 
ciples, and (b) changes introduced by a 
practitioner through lack of skill, negli- 
gence, or intent—but without prior demon- 
stration of research. 

The law implies that the physician, like 
any other professional, has mastered the 
elements of his calling and requires that he 
perform as well as he can. More, he is 
bound to keep up with new knowledge and 
apply it properly. He is not expected to be 
the best or most advanced member, nor 
does he guarantee a cure. The courts agree 
that the physician, because of the unique 
character of his work, must be allowed dis- 
cretion and wide latitude in judgment, 
based on the facts of the individual case. 

From this obligation flows the well- 
known tenet that when a doctor assumes to 
diagnose or treat a disease, he is held to 
the ordinary degree of skill and care exer- 
cised by his colleagues practicing in the 
same or similar locality, in light of the cur- 
rent state of knowledge.’ If he falls short 
of this criterion of good practice, he is lia- 
ble. Liability thus may arise when he fails 
to act as he should or when he should; does 
so carelessly or negligently; or deliberately, 
without consent or good reason. 

Experimentation, as conceived by the 
courts, may be understood in this context 
of the physician’s obligation. Procedures 
which varied from the norm were early 
disapproved. An English decision, Slater v. 
Baker and Stapleton (95 Eng. Rep. 860, 
1767), decided almost 200 years ago, is 
usually credited as the origin of the rule 
that the physician experiments at his peril. 


- He had better succeed, or else he is respon- 


sible for the consequences. In this case, 
the first surgeon of St. Bartholomew’s Hos- 
pital, called by an apothecary who had ac- 
cepted the patient, refractured an improp- 
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erly healed leg and attempted to straighten 
the leg by extension. He used a metal 
clamp of his own invention for this pur- 
pose, disuniting the callus which had 
formed. In finding the surgeon culpable, 
the court noted that the accepted method 
of the time was compression, and there 
was no warrant to depart from this practice 
without the knowledge and approval of the 
patient. The King’s Bench declared that 
this noted surgeon, in so acting, went be- 
yond “the usage and law of surgeons.” 


It introduced the view of experimenta- 
tion, saying, “Many men very skilful in 
their profession have frequently acted out 
of the common way for the sake of trying 
experiments . . . . It seems as if Mr. Baker 
wanted to try an experiment with this new 
instrument; and if it was, it was a rash ac- 
tion, and he who acts rashly acts ignor- 
antly.” The surgeon was also admonished 
for his silence, by the argument that “it is 
reasonable that a patient should be told 
what is about to be done to him, that he 
may take courage.” 

A century later, a New York physician 
lost a suit when he failed to support a dis- 
located elbow by a sling and did not prop- 
erly instruct the patient in the care re- 
quired for healing (Carpenter v. Blake, 60 
Barb. 488, N.Y., 1871). Even though only a 
simple variance from general method was 
charged and shown, this court, citing the 
British case, took occasion to discuss ex- 
perimentation. “It is incumbent to conform 
to the treatment established .. . any devi- 
ation shall be deemed sufficient to charge 
the surgeon with negligence.” The court in- 
sisted that before a new treatment may be 
used, it must appear to have been success- 
ful in similar cases. Then it may be adopted. 

Although this attitude might deprive a 
patient of benefit, the court considered 
practical testing of greater value. “Other- 
wise,” warned the court, “experimentation 
will take the place of skill and the reckless 
experimentalist the place of the educated, 
experienced practitioner.” As the court ex- 
pressed it, the rule protects the community 
against rash experimenters. When the ben- 


676 Ladimer 


efits of new modes have been shown, these 
may be used, or “when, from the necessity 
of the case, the surgeon or physician may 
be left to the exercise of his own skill and 
experience.” As interpreted by a legal 
writer,® this stricture permitted novel med- 
ical approaches only when a problem arose 
for which no current practice was deemed 
acceptable. 

This type of circular reasoning has been 
followed in a cordon of decisions which 
definitely enclosed experimentation within 
the area of malpractice. For instance, a 
physician was held liable for unwarranted 
experimentation when he incorrectly diag- 
nosed phimosis of the penis as an ulcera- 
tion of the urinal canal and treated it with 
a flaxseed poultice. Gangrene set in, re- 
quiring amputation. The Colorado Su- 
preme Court, upholding the patient when 
the physician appealed, concluded: “There 
must be some criterion by which to test the 
proper mode ... if a physician sees fit 
to experiment with some other mode, he 
should do so at his peril” (Jackson v. Burn- 
ham, 20 Colo. 532, 39 Pac. 577, 1895). 

Allen v. Voje (114. Wis. 1, 89 N.W. 924, 
1902) presented a case of a woman with 
pelvic inflammation requiring curettement 
who was placed in an unsanitary nursing 
home. The doctor failed to diagnose local- 
ized pus and failed to remove the ovary; 
intervention by other physicians saved the 
patient’s life. The defendant physician was 
charged with negligence and departure 
from established methods but the court, 
enlarging on the verdict against the doctor, 
proceeded: 

“We have little doubt that, if the first 
case of vaccination had proved disastrous 
and injured the patient, the physician 
should have been held liable. Nor do we 
believe that a physician of standing and 
loyalty to his patients will subject them to 
mere experiment, the safety and virtue of 
which has not been established by experi- 
ence of the profession, save possibly when 
the patient is in extremis, and fatal results 
substantially certain unless the experiment 
may succeed.” 


Clinical Pharmacology 
and Therapeutics 


A twentieth century case similarly in- 
volved departure from accepted practice. 
Like Slater v. Baker, but in ironic contrast, 
this suit was based on the claim that the 
physician was negligent in not using exten- 
sion appliances to treat a fractured limb; 
in consequence, the leg remained bowed 
“like a barrel stave.” No suggestion of ex- 
perimentation appeared, but again the 
court remarked that the surgeon “must not 
experiment in his treatment.” (Sawdey v. 
Spokane Falls and No. R’way Co., 30 Wash. 
349, 70 Pac. 972, 1902). 

In a Michigan case of fairly recent vin- 
tage, Fortner v. Koch (272 Mich. 273, 261 
N.W. 762, 1935), a physician diagnosed a 
leg swelling as cancerous and placed the 
patient on a diet. When the swelling broke 
through the skin, he dressed the sore, in- 
jected “antitoxin,” and dismissed the pa- 
tient. A second physician later found a 
gumma formed in the last stages of syph- 
ilis and treated the condition successfully. 
In ruling against the first doctor, the court 
explained as part of its holding that, al- 
though a certain amount of experimenta- 
tion is necessary, it must be done with 
knowledge and consent of the patient and 
must not vary too radically from accepted 
methods of practice. 

The attitude was likewise struck against 
“experimentation” when blindness resulted 
from injection of a mixture of Novocain 
and alcohol into the nasal channel for in- 
tended relief of asthma, reversing the usual 
treatment of Novocain first, to avoid injury 
to the optic nerve (Langford v. Kosterlitz, 
290 Pac. 80, 1930); when nonsurgical treat- 
ment of piles was employed in an unac- 
ceptable manner (Owens v. McCleary, 281 
S.W. 682, 1926); and even in an obvious 
quack enterprise in which the “doctor” used 
carbolic acid to remove smallpox pits (Gra- 
ham v. Dr. Pratt Institute, 163 Ill. App. 
91, 1911); and in the case of the “radio 
method” involving electrified wands, em- 
ployed for diagnosis and treatment in the 
case of a young girl found to have osteo- 
myelitis (Kershaw v. Tilbury, 8 P. 2d 109, 
1932). 
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The liberal line of decision 


Not every deviation from established 
practice or allegation of “experimentation” 
has pinned liability on the physician. At 
the turn of the century, a Missouri court 
reversed a trial decision that injection of 
paraffin into the groin over a hernia consti- 
tuted an untried attempt. The physician 
pointed out that he had administered the 
treatment to hundreds of patients and that 
the method was elsewhere used. “That it 
was of comparatively recent origin ought 
not, ipso facto, to put it in the class of in- 
novating experiments, so as to lay the de- 
fendant liable for a bad result, even though 
he had applied reasonable skill in the man- 
ner of applying it.” It will be noted, how- 
ever, that the court sought and found evi- 
dence of use in another locality. (McClarin 
v. Grenzfelder, 147 Mo. App. 478, 126 S.W. 
817, 1910). 

In Baldor v. Rogers (81 So. 2d 658, Fla., 
1954), a novel injection treatment for can- 
cer of the lip was not struck down as mal- 
practice by a Florida court, despite the ex- 
perimentation charge. Evidently, the court, 
like others, did not wish to discourage hon- 
est efforts and agreed that a physician 
might try to improve on the recommenda- 
tion of radiation or surgical therapy. The 
distinction seems to lie in the nature of the 
problem and the approach: if there is no 
certain cure, as is true in most advanced 
stages of cancer, and no quackery or false 
representation, the jury need not conclude 
that the physician must pay for the pa- 
tient’s misfortune. It will be recalled that 
the American case of Carpenter v. Blake 
suggested that the necessity of the case 
might widen the ambit for the physician’s 
exercise of judgment and venture into new 
avenues. 

Despite reiterated expressions by courts 
on the importance of advancing knowledge 
by new and heroic techniques, the issue of 
‘ experimentation arose as late as 1957 in the 
California “quarter-million dollar” suit, 
Salgo v. Leland Stanford Hospital and Ger- 
bode (317 P. 2d 170, 1957). A noted vascu- 
lar surgeon injected a dose of contrast fluid 
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for aortography in larger amount than spe- 
cified by the manufacturer and induced 
paralysis thereby. Reversing the trial ver- 
dict for the patient, the appeal court stated 
as part of its argument that, in utilizing his 
own technique (followed by others as 
well), the physician did not engage in pro- 
scribed experimentation. 


Comment on the cases 


As brought out at the National Confer- 
ence on the Legal Environment of Medical 
Science, these “experimentation” cases did 
not involve experimentation in the sense of 
clinical research, planned and undertaken 
to explore a problem. Rather, they illus- 
trate unskillful deviations from established 
practice or poor judgment and lack of con- 
sideration for the patient. 

Yet the dicta in these decisions—not nec- 
essarily the reasoning on the pertinent is- 
sues—have caused experimentation to be 
classed with irresponsible behavior, dere- 
liction in the exercise of discretion and care, 
and gross negligence. Despite attempts to 
underscore the need for a broad, flexible 
approach in medicine, the courts still con- 
sider experimentation, without further spe- 
cification, as outlawed. This view has been 
summarized by the late medicolegal spe- 
cialist, Dr. Regan®: “Although it is the duty 
of the physician or surgeon to keep up with 
advancements, it is also his duty to refrain 
from experiments.” 

The fact is that, to date, there has been 
no recorded case in which a court has 
been confronted with clinical evaluation or 
investigation in the modern sense. Since the 
reach of the courts has thus far not ex- 
tended to the contemporary concept, it is 
essential that the nature of medical re- 
search be clarified and its methods under- 
stood, lest such scientific endeavor be felled 
along with quackery and _ unjustifiable 
practice. 

Human research may be considered con- 
trolled study or investigation by profession- 
ally trained biologic or medical scientists 
on or involving the use of human beings, 
healthy or ill, primarily for the advance- 
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ment of knowledge. So defined, the issue 
would not be “experimentation” versus ac- 
cepted practice, but an evaluation of the 
research plan and conduct in relation to 
the fact situation, including the legal re- 
gard given to the subject or patient. 

Father O’Donnell, at the Conference, 
further concluded, “The meaning of ‘ex- 
perimentation’ needs to be made more pre- 
cise. There is a significant difference be- 
tween use of a new treatment primarily to 
obtain a better result for the patient and, 
on the other hand, the introduction of dis- 
ease or change purely for investigational 
purposes. Both are clinical research, but 
only the latter is human experimentation.” 

In this context, a Conference committee 
presented the position that evaluation of 
most drugs, devices, and techniques may 
be carried out completely within the gen- 
erally understood physician-patient rela- 
tionship. The physician has always em- 
ployed the measures he deems most effec- 
tive for the particular condition and pa- 
tient. When no existing measure is consid- 
ered effective, he may employ a new mode 
that offers reasonable promise of success, 
without undue risk to the patient, consid- 
ering the severity of the condition. Like- 
wise, where a measure of some known ef- 
fectiveness exists, he may adopt a new 
measure that offers significant advantage, 
without undue risk. The physician must 
bear in mind not only the patient’s state, 
but the risks attendant on use and with- 
holding of the known measure. When the 
evaluation of a new measure falls outside 
the classic physician-patient relationship, 
the medical investigator is bound by the 
code of ethics governing human experi- 
mentation. 


Codes for experimentation 


Applying the basis for rules governing 
practice of the regular physician—that he 
conform to established methods and render 
his best judgment and skill in the care of 
his patient—standards and ideals accepted 
by reputable researchers may serve as a 
guide to acceptable scientific experiment. 
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In law and in everyday affairs, the conduct 
of an individual is generally evaluated 
against the criterion of the professional or 
business code. It is therefore incumbent 
on the medical research profession to de- 
lineate its scope and objectives and to 
formulate a set of applicable operational 
principles which are also considerate of the 
public and professional interest. 

Several codes are pertinent in this re- 
gard. First, the ethical precepts of organ- 
ized medicine—the American and World 
Medical Association codes—are in point. 
Second, the so-called commandments set 
forth in the decision following the Nurem- 
berg Trials of War Criminals (medical 
case).1° This opinion outlined ten bases 
for permissible medical experiments essen- 
tially prescribing voluntary consent based 
on knowledge; assurance that the research 
is necessary; a design to limit hazard; ade- 
quate preparation; and provision for prior 
termination at the subject’s request or on 
the part of the investigator in the event 
of undue risk or danger. The Judicial Coun- 
cil of the American Medical Association, 
adhering to the same philosophy, issued 
this statement: 

“In order to conform. to the ethics of 
the American Medical Association, three 
requirements must be satisfied: (1) the 
voluntary consent of the person on whom 
the experiment is to be performed; (2) the 
danger of each experiment must be previ- 
ously investigated by animal experimenta- 
tion; and (3) the experiment must be per- 
formed under proper medical protection 
and management.”!4 

Other codes have been drawn to govern 
drug trials; studies of mental and psycho- 
logical problems; use of prisoners and mili- 
tary personnel.*:!2 Many investigators have 
also been apprised of the religioethical 
considerations, in particular, the pro- 
nouncements of the Pope, defining the 
moral limits of scientific research on human 
beings. It is noteworthy that, although use 
of the human body and mind for research 
is limited by Catholic doctrine to purpose 
and procedure for the common good and 
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must stay within its proper hierarchical 
order, it is licit when so planned and per- 
formed.1%:14 

The principles and codes afford a wide 
area of common agreement. In parallel, the 
practices of medical research institutions 
are in general accord in respect to selection 
of human volunteers, review of proposals 
for research, requirements of consent, and 
communication of results. These codes and 
practices do not, of course, have the force 
of law but they establish in large part the 
tradition and approved modus operandi for 
medical research. 

Whether or not they will be embodied 
in statute or in a master code, as some sug- 
gest may be desirable, they now furnish a 
framework for responsible investigation. In 
toto, they suggest not only proper scientific 
design and management, concern for the 
patient-subject, and precautionary meas- 
ures, but such administrative features as 
qualifications of scientific and medical staff, 
organizational sponsorship and control, and 
self-limitation. 


The problem of consent 


It is doubtless true, as both lawyers and 
medical investigators have pointed out, that 
the crux of the experimental procedure, its 
initiation and its consequence, is princi- 
pally knowledgeable exchange between 
subject and researcher, based upon the in- 
formed consent of the former. In the famil- 
iar doctor-patient reference, the consent of 
the patient, if not expressly given, may rea- 
sonably be assumed, by virtue of his re- 
quest for medical attention. Such consent 
implies that the physician will act properly, 
not negligently, and will diagnose, treat, 
and follow his patient in line with gener- 
ally approved standards. Written consent, 
for evidentiary reasons, is usually obtained 
for operations and other procedures involv- 
ing physical touching and considerable 


' risk, 


In the case of experimentation, clearly 
involving action beyond ordinary measures, 
consent cannot be easily implied. It must 
be express and some feel should be wit- 
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nessed or written. The essence of such con- 
sent, however, is not mere agreement, but 
reasonable understanding on the part of 
the patient-subject concerning the purpose, 
method, and risks of the clinical study. 
It is not necessary (and therefore not in- 
surmountable practically) to detail the 
intricate, complex scientific aspects; it is 
sufficient that the patient-partner in the re- 
search comprehend, at his level of under- 
standing, what is intended, what reactions 
may be expected, and what sequelae, if 
any, may follow. 

A special problem which has troubled in- 
vestigators, sincerely anxious to satisfy this 
requirement, arises when the experiment 
must be performed on persons incapable 
of meaningful consent—minors, incompe- 
tents, and those in circumstances where 
consent may be considered forced or im- 
proper, e.g., prisoners, soldiers, captive 
populations. 

It is well established that the ethics of 
medical science dictate against utilization 
of persons whose consent, even if given, 
may be of doubtful probity. Such persons 
should not be approached in the first in- 
stance. On the other hand, the management 
advantages of engaging institutionalized 
groups, for example, in field trials or drug 
evaluations are well recognized. The moral, 
if not legal, principle requires only that the 
investigator be secure in his own mind that 
he has established such communication and 
that agreement is sound. As an assurance, 
the Nuremberg Code specifies that the in- 
vestigator may not delegate the ascertain- 
ment of informed consent; as a practical 
procedure, provision should be made to 
allow questioning by the subject and time 
for consideration, if desired. 

This recommendation, however, - still 
leaves open the issue of experimenting on 
mentally deficient and senile adults and on 
children. For many types of research, such 
subjects are essential. Under Western law, 
parents or guardians may not provide con- 
sent except as it may provide some benefit 
for the individual incapable of personal 
consent. Thus, it is quite appropriate for a 
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parent to sign a waiver form permitting 
an operation on a handicapped child which 
may restore use of a limb; it is, on the 
other hand, not within legal right to offer 
up a child to experimentation which may 
have no conceivable advantage to him. 
(Bonner v. Moran, 126 F. 2d 121, D.C. Cir. 
1941, Note 30 Georgetown L. J. 477, 1942). 

It is not essential that the benefit to the 
child be direct or immediate. It may be 
prospective or anticipated, so long as there 
is some reasonable basis for realizing an 
advantage. A benefit may be potential, in 
that some gain may redound to an entire 
class of persons of which the individual is 
a member. Finally, the benefit should con- 
tribute to a good purpose. A nontherapeu- 
tic abortion, for instance, would not be 
upheld, no matter who provided consent or 
made the request. 

The courts appear eager to recognize 
benefit, wherever possible. The Supreme 
Judicial Court of Massachusetts issued 
three declaratory judgments in 1957 ap- 
proving kidney transplants involving three 
sets of twins, the first being 19 years of age 
and the other two, 14 years. Although the 
parents consented, indeed suggested, that 
homotransplantation from the healthy to 
the sick child be undertaken, the court spe- 
cifically relied on evidence from a psychi- 
atrist and interview with the healthy child, 
in each case, to establish what may be 
termed “psychic benefit.” As Curran,'® in 
an analysis of these cases and their implica- 
tions, correctly reasons, “the benefit found 
by the court with the aid of the psychiatric 
evidence is more the prevention of possible 
detriment [emotional trauma to the donor] 
than it is the conferring of positive gain.” 
The writer suggests the court could have 
avoided “the very ‘sticky’ benefit problem 
by considering and adopting a rule, ac- 
cepted in many states, that parental con- 
sent is not needed where the minor has 
experience and intelligence sufficient to un- 
derstand the nature and consequences of 
his action.” 

It is instructive that the committee on 
Nuremberg Code consideration at the 
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Legal Environment Conference, similarly 
concerned with practical means for medi- 
cal research on minors, proposed that par- 
ental or guardian approval might suffice 
if the immediate and future welfare of the 
subject would not be threatened, provided 
that the procedures were such that, in 
similar circumstances, the consent of a 
competent subject could be presumed. Fur- 
ther, the committee suggested that subject 
and guardian should not undergo economic 
sacrifice or influence, that there be reason- 
able hope the studies would contribute in- 
formation of importance, and that the 
above criteria be subject to review by an 
impartial, competent body not including 
the investigator. 

A recent survey of mental institutions by 
the Georgia Medical Association as part of 
its investigation of the Milledgeville State 
Hospital (involving use of patients for drug 
research, among other matters) inquired 
into consent. According to its report, 32 state 
institutions (of 37 responding) administer 
investigational drugs; 32 only for psychiat- 
ric illness and 14 for physical illness of 
mental patients. Seven require the consent 
of guardian or relative for each procedure; 
the other 25 consider the blanket consent, 
patient consent, or normal implied consent 
sufficient. Some states differentiate between 
investigational drugs administered after 
staff decision that the drug is indicated and 
drugs of which toxicity has not been tested 
and analyses on animals and humans have 
not been previously made. 

The committee recommended, for Geor- 
gia, “that no drug be administered .. . 
without consent of the patient, where ap- 
propriate, or of the guardian or next-of-kin 
of the patient where personal consent can- 
not be obtained, unless the drug has been 
previously tested.”!¢ 

The growing interest, but the apparent 
lack of common procedure or even common 
position indicates the essentiality of a 
multidisciplined study and formulation of 
adequate consent criteria. Legal, adminis- 
trative, scientific, and public interests must 
be reasonably accommodated and clearly 
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expressed to dispel concern and assure prin- 
cipled practice. 

A conservative view today would hold 
that it is permissible to employ minors and 
incompetents as subjects of medical inves- 
tigation requiring extraordinary procedures 
on the same basis as those capable of pro- 
viding personal consent, where there is in- 
formed agreement by a responsible party 
and if the procedures may reasonably be 
expected to benefit the individual. But a 
physician or scientist has no lawful right 
to request or direct participation on any 
other basis; a nonpersonal consent obtained 
on another basis would not constitute law- 
ful authorization for proceeding or a pro- 
tection against liability. 


Summary 


Advances in medical research and con- 
cern for its proper conduct, expressed by 
physicians and scientists, require specific 
delineation of the nature of modern med- 
ical experimentation, its needs and obli- 
gations. Court decisions referring to “medi- 
cal experimentation” have equated such 
conduct with malpractice. The fact situa- 
tions involved, however, have illustrated 
negligent deviation from regular practice, 
lack of consideration for the patient, and 
questionable procedure. These do not con- 
stitute “experimentation” in the modern 
sense of the controlled trial or scientifically 
formulated investigation. Nevertheless, 
when a case of genuine experimentation 
arises, it is essential to have a prepared un- 
derstanding of the distinction, lest it be 
construed as a form of malpractice. 

In this regard, codes and practices of 
reputable organizations and researchers es- 
tablish a foundation for developing the 
norms of the research profession. The indi- 
vidual would then be properly judged 
against such criteria, rather than in the 
framework of experimentation versus regu- 
lar practice. 

The essence of legal and ethical propri- 
ety to proceed in human experimentation 
rests on the informed consent of the pa- 
tient-subject. It cannot be implied, as it 
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may in regular medical practice. In respect 
to use of minors, incompetents, and others 
incapable of personal consent, some benefit 
to the individual must be shown if parental 
or guardian approval is sought. Courts are 
liberal in finding benefit, but a conservative 
view suggests that, until a more expansive 
attitude is taken, an investigator will be 
held liable for injury resulting from re- 
search on an incompetent where no per- 
sonal benefit can be demonstrated. 
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A time comes in many a research when the question has to be decided whether 
the method shall be master of the investigator, or vice-versa. The truth is that 
each method only takes us a certain way, and science is advanced, not by methods, 
but by those who invent, apply, and improve them, or introduce better ones. 


It has become fashionable lately to extol the advantages of team-work, and 
undoubtedly cooperation is advantageous in order to cover a wide field. At the 


same time if one examines critically the completed work of research teams, 

one will often find that when progress has been made, the key discovery 

was due chiefly to the enterprise or power of perception of an individual of the team. 
Investigations can be directed, and investigators kept in touch, but the advancement 
of knowledge is almost always due primarily to individual imagination, initiative, 
courage, industry, skill, or grip. In reality international teams are already 

at work. They are keenly watching each other's progress in a world-wide 
tournament with the unknown that is in continual action for the benefit of mankind. 


From “THE Spirit oF RESEARCH—A PLEA FOR INDEPENDENCE” BY MERVYN GORDON, 


St. BARTHOLOMEW’s HospPITAL JOURNAL, JUNE, 1920. 








Book reviews 


The Merck Index, seventh edition. P. G. 
Stecher, editor. Rahway, N.J., 1960, 
Merck & Co., Inc. 1641 pages. $11.00. 


The Merck Index is precisely what its 
publishers call it—an encyclopedia of chem- 
icals and drugs and a public service. It is 
sold without profit. I think it is safe to say 
that there is no more complete listing of 
drugs and chemicals in the English lan- 
guage than this one. The monographs not 
only provide a great deal of technologic in- 
formation (very often the structural for- 
mula) about chemicals and drugs, but also 
interesting bits of history and statements 
of uses (industrial as well as medical). It 
is well written; its concise style is not hard 
reading. The Merck Index has long been es- 
tablished as a valuable reference book. The 
current edition deals with a large mass of 
new material that has developed during the 
intervening eight years and, in doing so, 
upholds the well-deserved reputation. 

The seventh edition is almost 500 pages 
longer, the page size is larger, and, as a 
‘result, the book is about a kilogram heavier 
(total weight, 2.58 Kg.) than the sixth. 
The total number of monographs has been 
increased to about 10,000. These also con- 
tain information on different chemical en- 


tities and on their derivatives. In addition, 
many of the monographs, even of very old 
materials, have been expanded. For ex- 
ample, the monograph on Hedonal, a drug 
which medicine has long discarded, has 
statements on medical and veterinary uses 
not to be found in the sixth edition. The 
monographs and chemicals and drugs oc- 
cupy 1,121 pages. 

The remaining more than 500 pages are 
taken up by a variety of tables and odd- 
ments of information, most of it useful or 
interesting, but often available and even 
more likely to be sought in other reference 
books (e.g., the Handbook of Chemistry 
and Physics) usually available to those who 
use this book. Certainly no reader is apt 
to look up page 1519 to find out that a 
kilometer is equivalent to 1,000 meters, a 
liter to 1,000 milliliters, and a kilogram to 
1,000 grams, yet information of this simple 
nature occupies a full page. Another full 
page (1604) is devoted to an explanation 
of how to convert from the Fahrenheit to 
the Centigrade thermal system and back 
again. This is a little surprising in view of 
the fact that those who would take the time 
to learn the formulas and to calculate, have 
merely to refer to the next 25 pages which 
contain magnificant tables giving, at 
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intervals of degrees, the thermal equiva- 
lents for each system from —273.16° C. 
(—459.69° F.) to 6,062° C. (3,350° F.). I 
mention these picayune matters only be- 
cause this excellent reference book, which 
I would not want to be without, is becom- 
ing so bulky as to be difficult to handle, and 
it seems to me that the time has come for 
its editors to deal with the rank overgrowth 
in the last third of the book with some ju- 
dicious pruning. 

Walter Modell 


The Clinical Application of Antibiotics, 
Volume IV, Erythromycin and Other 
Antibiotics, by M. E. Florey. London, 
1960, Oxford University Press. 303 pages. 
$11.75. 


The following antibiotics are discussed in 
this volume: erythromycin (Ilotycin), carbo- 
mycin (Magnamycin), spiramycin (Rovamy- 
cin), oleandomycin, novobiocin, Vancomycin, 
ristocetin (Spontin), Staphylomycin, Ampho- 
mycin, framycetin, Synnematin B, albomycin 
(not Albamycin), cycloserine, Tyrothricin, 
gramicidin, bacitracin, polymyxin, neomycin, 
fumagillin, anisomycin, puromycin (Stylomy- 
cin), nystatin (Mycostatin), cycloheximide 
(Actidione), the amphotericins, the actinomy- 
cins (sanamycins), sarkomycin, amicetin, other 
antibiotics active against malignant cells. 

Each antibiotic is discussed under the fol- 
lowing headings: General Considerations, in- 
cluding those properties of clinical significance, 
Antibacterial Effects, Evidence of Toxicity, 
Administration, and Results of Clinical Trials. 
The last chapter, “The Choice of an Antibi- 
otic,” is discussed under: General Considera- 
tions (sensitivity tests, acquisition of resistance 
of antibiotics, complications of therapy, toxic 
manifestations, prevention and treatment of 
complications, adjuvant effect of special 
agents), The Choice of an Antibiotic in Dis- 
eases Due to Specific Organisms, and The 
Choice of an Antibiotic in Diseases Considered 
by Systems. 


The author, Dr. M. E. Florey, the wife 
of Sir Howard Florey (who was winner of 
the Nobel Prize for Medicine and Physi- 
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ology in 1945), is obviously an expert on 
antibiotics in her own right. A noteworthy 
feature of this book is the sound common 
sense displayed; the author maintains a 
sense of proportion which many investi- 
gators quoted by her seem to have lost. All 
too often, the natural history of disease is 
forgotten by clinicians who use_ these 
drugs. In clinical trials on the use of erthro- 
mycin in whooping cough, Dr. Florey 
points out that there were no controls and 
that the conclusions were not justified. We 
are reminded that in assessing the results 
of antibiotic treatment in pneumococcal 
pneumonia, we should bear in mind that 
there may be recovery in untreated cases 
by crisis on the third to the fifth day of dis- 
ease. Of the treatment of acne with olean- 
domycin she says, “There is thus reason 
to wonder whether the improvement noted 
would have occurred with the passage of 
time and without the help of antibiotics.” 
More examples of this kind can be given; 
those mentioned may seem obvious but 
were not apparent to their authors and to 
the editors of the medical journals who 
published the papers. 

That antibiotics are of great economic 
importance can be seen from the fact that 
the staggering total of 3.5 million pounds 
of antibiotics, of which 2.6 million were for 
human and veterinary use and the re- 
mainder for animal feed, was produced 
in the United States in 1958. Not many will 
dispute the fact that the prescription of 
some of this rests on rather uncertain 
ground and that serious complications and 
deaths have resulted from the use and 
abuse of these wonder drugs, e.g., bacterial 
resistance, superinfections, sensitization, 
and severe toxic reactions. As a result, a re- 
evaluation of the use of antibiotics is in 
order. 

There is a real gem on how not to do 
clinical trials. A certain gentlemen used 
erthromycin ointment as a postoperative 
dressing in 22 patients after removal of ver- 
rucae, seborrheic keratoses, nevi, and se- 
baceous cysts. There was not a single case 
of secondary infection. Dr. Florey performs 
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the Perfect SqWelch* by saying that with 
properly performed minor surgery, one 
would not expect any infection. 

The worst aspect of this kind of shoddy 
and uncritical work is that it was printed, 
yet there are numerous examples. It is 
hardly a coincidence that a number of en- 
thusiastic reports which were not subse- 
quently confirmed first appeared in journals 
which have recently received mention be- 
fore the United States Senate Antitrust and 
Monopoly Subcommittee inquiry. Examples 
are the use of combinations of drugs, e.g., 
tetracycline and oleandomycin, tetracycline 
and nystatin, and among others, the use 
of cycloserine in respiratory infections. 
That some of this work will have to be re- 
evaluated is evident from these disclosures. 
Fortunately, one feels the presence of the 
author’s guiding hand throughout, showing 
us how to avoid the pitfalls. 

The difficulties in the diagnosis of hepatic 
amebiasis are well known to those tho have 
dealt with this disease. Manson-Bahr writes 
in Dysenteric Disorders, “Acute hepatitis 
may subside in three or four days without 
active treatment.” In fact, some will not ac- 
cept the diagnosis of amebic hepatitis, cer- 
tainly not for drug evaluation, and require 
withdrawal of pus from the liver before pa- 
tients are acceptable for clinical trial. 
Vague hepatic tenderness and abnormal 
liver function tests are not sufficient to make 
the diagnosis. It therefore seems that the 
clinical trials on the use of erythromycin in 
hepatic amebiasis reported somewhat un- 
critically by Dr. Florey will have to be 
taken with reserve. One gets the impres- 
sion in the section on parenteral amebiasis 
that most of Shafei’s patients suffered from 
extraintestinal amebiasis; actually, all his 
patients had intestinal amebiasis and 3 also 
had hepatic tenderness with a_ possible 
diagnosis of “amebic heratitis.” 

The last chapter, occupying 87 pages, is 
entitled “The Choice of an Antibiotic.” No 
‘ clinician should miss this, since it puts him 
right into the picture. Although references 
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are quoted liberally here as well as else- 
where, reading is remarkably pleasant be- 
cause of the author’s smooth style; it can be 
read almost as easily as a well-written novel, 
which is a welcome change indeed from 
much medical writing. 

' Once again, one realizes that bad re- 
search is worse than none at all and that 
when an erroneous report has been pub- 
lished, it may take years of work to suc- 
cessfully refute it. More reports on drugs 
found to be of little or no use should be 
published, for a negative answer in a drug 
trial may be as important as a positive one. 

This book, the fourth in the series, can 
be strongly recommended to clinicians 
likely to use any of the antibiotics dis- 
cussed. Anyone faced in general with the 
problem of choosing an antibiotic or spe- 
cifically with the problem of antibiotic-re- 
sistant bacteria will find much useful in- 
formation here. It should certainly be avail- 
able for reference in every hospital library, 
and preferably in a place where interns and 
residents can readily refer to it. 

Dr. Florey says in the preface, “It has 
been the author’s aim not to allow personal 
experience to bias the discussion of each 
subject, and the conclusions drawn are 
those which appeared justified in the light 
of all the dependable evidence that was 
available.” She has succeeded admirably. 


Edel Berman 


Significant Trends in Medical Research: 
Ciba Foundation Tenth Anniversary 
Symposium, G. E. W. Wolstenholme, C. 
M. O'Connor, and M. O’Connor, editors. 
Boston, 1959, Little, Brown & Company. 


The present volume is the fiftieth in the 
well-known series published for the Ciba 
Foundation, and marks the tenth anniver- 
sary of this unique international institution. 
At the suggestion of Professor A. von Mu- 
ralt, this symposium was arranged to re- 
view significant developments in medical 
research during the last decade. The for- 
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mal presentations and the lively discus- 
sions recorded in this volume fulfill this 
objective; moreover, they strike highly per- 
sonal notes with the repeated attempts to 
extrapolate direction and slope of the 
growth curve of advance in certain areas of 
exploration. 

Topics in biochemistry, genetics, virus 
multiplication, and malignant transforma- 
tions are considered; furthermore, clinical 
research on nutrition and chronic pulmon- 
ary disease receives adequate coverage. 
The contributions on “population dynamics 
in body cells” (Sir MacFarlane Burnet), 
and “quantitative approach to disease” 
(Sir George Pickering) are most provoca- 
tive in exploring the potentialities of new 
concepts in medicine. Factors influencing 
direction and dimension of medical re- 
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‘search in the United States are competently 


discussed by J. A. Shannon. 

Except for passing remarks in discus- 
sions, no consideration is given to advances 
and trends in pharmacology. The neuro- 
physiologically inclined reader will be 
pleased about a relatively detailed and 
competent appraisal of the ionic events of 
excitation and conduction, and of the elec- 
trical events at the motor end plate (A. 
von Muralt). Central nervous system phys- 
iology is very briefly discussed by Moruzzi. 
It appears to me that inclusion of a separate 
contribution on neurophysiologic aspects 
of perception and behavior would have 
been commensurate with the significance, 
amount, and future potential of the work 
done in this area. 

Gerhard Werner 
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